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Man, Physical Resources, and Economic Organization* 


Harop F. Bremer . 


Formal economics has centered on the combination of resources. Contemporary events force 
concern for forms of economic organization, inquiry into which must put the human role upper- 
most. A taxonomy of economic organization contains three systems of production and three of - 
control. The: Enlightenment brought freedom of contract as a control system, which ‘fits well 
with proprietary production in farming but clashes with industrial nonfarm production. The 
nonfarm economy faces institutional reform, while farming must choose its production-control 
pattern. Examination of alternate production and control systems can aid in organizational 


choice. 


ITHIN recent centuries Western man 
found himself favored by a conver- 
gence of three transcendent historical 
forces that promised to fulfill his oldest dreams. 
Almost in unison came the dramatic scientific 
and technological breakthroughs that engi- 


neered the industrial revolution; the new moral- 


religious code that charged individual man with 
earning his temporal and eternal salvation; and 
the discovery of virgin continents that offered 
opportunity for aggrandizement without pirat- 
ing one’s fellows. The outcome in terms of ma- 
terial advance has been rhapsodized often. 

The three historical forces encompass three 
basic elements that shape man’s destiny: the 
nature of man himself; the physical resources 
at his disposal, and the kind of socio-political- 
economic organization employed. for produc- 
tion, distribution, and civility. That the three 
are interlocked is a hackneyed truism. 

Also axiomatic is that the discipline of eco- 
nomics has uneven facility to deal with them. 
Formal economic thought has long concen- 
trated on the combination of resources. The 
organizational system has received spasmodic 
attention, once expressed in academic debate 
about comparative economic systems but re- 
cently emerging into social criticism. Man’s 
attributes are usually shunted aside as either 
immutable or irrelevant. 

Attention cannot continue to be centered so 
narrowly. Contemporary events suggest as 
much. Rampant ‘exploitation of physical re- 


* Tam grateful to Marshall Harris, James Rhodes, James 
Shaffer, James McKinsey, Paul Nelson, Jr., and two anony- 
mous reviewers for critical reading of an earlier draft. The 
usual assurance of nonculpability applies. 

1 Except American Indians, Africans, Maoris, or Aus- 
tralian Aborigines, as a perceptive reviewer pointed out. 
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. “Does Economics Ignore You?” [ 


sources is being rebuked, as alarms are sounded 
over damage to environment and incipient de- 
pletion of mineral energy. These issues have 
their own savants. Also trumpeted are institu- 
tional changes such as centralization of eco- 
nomic power in the conglomerate corporation 
or the corporate State, and persistence of eco- 
nomic forces that escape the internal economics 
of the firm (“externalities”). Socioeconomic 
criticism now extends to skepticism about the 
adequacy of our macroeconomic policy mea- 
sures and protest against boredom-dehumani- 
zation consequences of large-scale organiza- 
tion. 

Agriculture, a primary industry, is much in- 
volved. It is critically sensitive to many re- 
source issues. It is equally sensitive to organiza- 
tional questions, often posed as whether the 
traditional organizational form with its dis- 
tinctive place for the human element can or 
should survive. If “institutional innovation” 
was once admonished as an intellectual exer- 
cise, it has become a mandate (cf. Shaffer [22 ]). 

How shall organizational matters be ad- 
dressed by the economist as such or as social 
scientist, of agricultural or other discipline? 
More than a century has passed since economics 
blossomed out of political economy. Insecurity 
is manifest, for lapsed skills are not readily re- 
covered. Yet a disciplinary eclipse, like a solar 
eclipse, is transitory. This article, admittedly 
more introductory than conclusive, is intended 
as an aid to help economists recapture side- 
lined talents. The following three theses under- 
lie this attempt: 

(1) Although the final concern of this paper 
will be the economic organization of agriculture 
{principally the farming part), this is properly 
addressed in the context of organiza nom: of the 
total economy. 

3Cf., respectively, the Saturday Review Symposium, 
23] and the April 24, 1972 
issue of Newsweek [24]. 
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(2) To deal with the subject requires bring- 
ing various disciplines to bear. The call to do so 
has become sey Glenn Johnson’s phrasing 
is apt: “... the problems and issues before our 
society . . . are so complex that the demands they 

place upon our disciplinary concepts, informa- 
tion, and quantitative techniques exceed the pres- 
ent capacities of our disciplines” (9, p.-731]. 

(3) Although technical studies of the combi- 
nation of resources may properly treat human 
and physical resources as equivalents, an 
analysis of the organization of the economy 
must give priority to the human being. 


The Human Equation 


Early classicists briefly considered the role of 


man. As every apprentice knows, The Wealth of 


Nations opens with testimony to the productive ` 


magic of division of labor in pin making. Yet 
Adam Smith as a professor of moral philosophy 
was concerned for, in Max Lerner’s words, “the 
expression of forces... working... to fash- 
ion... homo oeconomicus, or the economic man 
of the modern world” [12, p. v]. Smith noted 
the drearier aspects of specialization; according 
to West he “was disturbed that with the pro- 
gressive routinization of daily life and with the 
growing monotony associated with repetitive 
factory work, men themselves stagnated and 
‘stupidified.’ ” But Smith advocated little more 
than that each person, in West’s phrasing, 
should seek happiness in the company of his 
fellows and in an “environment wherein the 
individual is absorbed in the pursuit of new ex- 
cellence, new knowledge and new invention (or 
to use Smith’s terms: Wonder, Surprise, and 
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Admiration)” [25, pp. 56, 57]. Thereupon the | 
subject was dismissed, and throughout classical 
and neoclassical economics the unwritten - 
theme is that the splendor of productivity.. 
either vitiates or compensates industrialism’s 
drudgeries. 

Recently, owing in part to social criticism, . 
the primacy of the human element.in economic 
organization has won more recognition. Camp- . 
bell, for example, insists that economic policy. 
for our time, made outside the “chaos . . « be- 
tween the various sciencés,” “must be based on. 
an understanding of man’s nature. What is it’ 
that constitutes man’s excellence? Where does 
he stand in the total scheme of tinge? [4, p. 
20]. 

In relation to the central avein of this 
essay, the above asks what configuration. of 
incentives and rewards, sanctions, and ideology 
is conducive to responsible individual per- 
formance in various forms of economic organiza- 
tion. Forms considered herein range from indi- 
vidual proprietorships to the giant corporation. 
Omitted are self-sufficiency at one extreme and 
central-government control at the other. 


Three Production and Three 
Control Systems 


A taxonomy of systems of organization is 
basic to inquiry into economic organization. 
Focussed on the place of the individual in the 
system, the taxonomy that follows is dual: one 
set of categories relates to production, the other 
to control—the combination of sanctions and 
rewards (see chart). 


Taxonomy of Economic Organization 





Control System (sanctions-reward)* 


Production System 
Bargained commodity 
exchange 
eror carias 
Iso 


product market 








medieval craftsmen, yeo- some indenture type ar- 
ted individual—singular man farmers, selling in open rangements 


Status Contract 





contractual integration of 
U. S. family farmer? 





Manorial 
Individual-in-group—-singular 
product 





Industrial 


Individual-in. es as 
produced product 





all group organized conven- 
tional systems, as tribe, me- 
dieval manor, plantation 


business partnerships, some 
small corporate enterprises 





the so-called grants (trans- 
fer payment) portion of the 
economy 


most modern corporations 








* The terms are illustrative, not definitive. 


b So classified assuming freedom of opportunity in negotiating. Any tying or satellite relationship throws contracting 


into the status category. 
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Systems of production 


The three production systems as defined in 
terms of the role of the individual are short- 
titled craft/agrarian, manorial, and industrial. 
The first is the simplest case, that of the iso- 
lated individual producer and marketer. Best 
examples are the independent craftsman; more 
common in medieval times, and the yeoman 
farmer. They truly turn out and market a prod- 
uct of their own. : 

Though the sturdy. craftsman or yeoman is 
often glorified, he has been rare. Throughout 
history most human beings have pursued their 
livelihood in a group setting. The two classes of 
group organization, manorial and industrial, 
differ sharply. The manorial involves occupa- 
tional specialization performed within an over- 
all supporting unit. Historically that unit has 
been the family, tribe, Greek or Roman “‘house- 
hold,” medieval manor, or plantation. The 
specialization was far short of the specialization 
of process that Adam Smith advocated. Each 
person retained a comparatively distinctive 
role; he turned out an identifiable product or 
service; his handiwork was visible, to others 
and to himself. 

In the modern industrial system specializa- 
tion is carried so far that the individual is no 
longer identified with a discrete product. He 
only contributes to joint output. Individual 
identification is lost. This is true not only of the 
factory assembly line, a too-common and there- 
fore misleading image, but of much corporate 
and government bureaucracy. 

This feature, widely noted in contemporary 
literature, has the psychological aspect of lost 
identity and the economic aspect of nonmea- 
surable value of product. Frank Roosevelt 
remarks that “a great many workers have lost 
any sense of control over what they are do- 
ing...” [20, p. 126]. Glenn Seaborg writes of 
the “separation of man and product” [21, p.22]. 
Nell comments on both aspects of the breach 
and ventures statistical estimates. After noting 
how often is “connection with output... in- 
direct, uncertain, and hard to estimate physi- 
cally,” he writes that 15 percent of all the work- 
ing force identifies with product but only three 
or four percent does so in a way subject to esti- 
mation [15, p. 444]. 


Systems of control 


Historically control systems have relied vari- 
ously on economic incentives and on political 
and social sanctions. Without undue simplifica- 
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tion the basic systems can be classed as bar- 
gained commodity exchange, status, and con- 
tract. The latter two terms are borrowed from 
sociology and political science.’ l 
Bargained commodity exchange is virtually 


` self-defining. As used here the term applies to 


the solitary individual’s offering his product for 
negotiated barter or sale. 

Status and contract systems arise in group 
organization. The status system is conven- 
tional, with the individual’s lot cast for him 


-both as to duties assigned and rewards re- 


ceived. The status system has predominated in 
the world’s history. It has taken a hundred 
forms, among them the oppression of slavery, 
the less onerous feudalism, and the democratic 
communes or colonies as advocated by Robert 
Owen and established in several places in 19th 
century America. 

The contract basis for. economic organiza- 
tion is modern. This legacy of the Enlighten- 
ment—or what Polanyi calls the Great Trans- 
formation—freed individual man to be the 
agent of his own destiny. It removed the 
shackles. of status and enfranchised him as 
never before. A contract system, by its implicit 
definition, permits each individual to seek out 
his best opportunity, free of any preemptive 
control. or restraint. ' 

To ask whether the promises of the Enlight- 
enment have been kept and what would be 
necessary to keep them only rephrases the 
initial questions of this paper. Since a control 
system exists interdependently with a produc- 
tion system, further analysis must involve 
various combinations of production and con- 
trol. 


Production and Control Systems 
in Combination 


In the past production and control systems 
have tended to align. Bargained commodity 
exchange as defined here was primarily as- 
sociated with the craftsman/agrarian system of 
production (see chart). Likewise, to a large 
degree the status system of control accom- 
panied manorial production. 

The contract system, though having ancient 
antecedents, is usually associated with indus- 
trial production because it achieved prominence 
alongside the new industrialism. But an easy 
post hoc, ergo propier hoc judgment must be 
avoided. It is not necessary that industrial 


3 See Campbell [4] for one source. 
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production be accompanied by a contract 
system - (the. Soviets have taught us thatl). 
Furthermore, the contract system of control 
may not be as harmonious with industrial pro- 
duction as might be inferred from their historic 
coincidence. The combination achieved to date 
is partial, imperfect, tenuous, in danger of re- 
verting, and in the eyes of its critics, in need of 
reformation. 


Bargained exchange-craft/agrarian production 
A bargained exchange system is normally 
associated with the craft/agrarian production 
system wherein the individual produces and 
markets his own product. This is the pristine 
concept, one that scholars hold to almost as a 
reflex action. The bargained exchange concept 
_is most applicable to the workman who alone 
‘produces a shirt or a hog and offers to sell it 
(directly or through a market) to another soli- 
tary individual who produces a chair or a dozen 
eggs. > 
It is no happenstance that textbook examples 
of exchange are often drawn from farm prod- 
ucts, where the image still fits fairly well. The 
organizational issue in agriculture is- in fact 


capsuled in whether that important sector will 


continue to be one of proprietary production 
and exchange or will change radically its pro- 
duction system: or control system or both. 
Bargained commodity exchange is of course 
the simplest system to implement. Income from 
a person’s own effort becomes his incentive for 
more effort.: The accompanying ideology in- 
volves the’ work belief or ethic John Brewster 
wrote about [13, p. 60] and the protestant doc- 
trine of reward proportionate to performance. 
Its sociopolitical system calls primarily for 
physical protection against brigands and the 
legal institutions of an open market. Needless 
to say, early theories of value were projected 
against such. an exchange market economy,’ 
which accommodated a labor theory of value. 
` A principal -weakness of individually bar- 
gained exchange is ‘the uncharitable condemn- 
ing of each person to live with his deficiencies. 
This is brutal to the handicapped, and thus 
advocacy of such an economy has been tem- 
pered with admonitions of Christian charity. 
An essential feature, pregnant with turmoil, is 
that each person must have access to the where- 
withal for his. personal enterprise—hence early 
systems of apprentice training and public 
schooling that could provide craft skills; and 
hence the excitement over access to raw con- 
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tinents that could provide every man with land 
to till and stuff to work. 

Bargained exchange of individually pro- 
duced commodities has not prevailed often in 
history. Most exchange has been carried on be- 
tween groups—the tribe, the plantation, the 
factory, and the commercial firm. To endow 
group exchange with all the attributes of indi- 
vidual exchange, though tempting, can raise 
troubling questions.*5 


Status control-manorial production 


` The status system was preindustrial and 
therefore associated mainly with manorial pro- 
duction. It shelters and controls the individual 
in a group setting in which he retains consider- 
able identity in his employment but limited 
rights of self-determination.. The socioeco- 
nomic mucilage presumably consists of varied 
mixtures of reward and compulsion. In less ad- 
vanced systems the individual’s.share of com- 
munity product is decreed. In the more ad- 
vanced it bears some relation to productiveness 
and in doing so introduces a distinction between 
proportional and residual sharing, antecedent 
of contested issues in reward systems under 
contract. .The feudal serf may have given the 
lord only a fraction of his harvest or else a fixed 
quantity that left him with the remainder. 
Some element of compulsion seldom is absent. 

‘Companion to such a system is a concept of 
justice in the sense of fairness in dispensation. 
This focus helps explain the religions that grew 
under status systems; many of these religions 
are currently struggling to convert from a sta- 
tus to a contract milieu. Under status arrange- 
ments religion alternately inspires to building a 
more just system here on earth and promises to 
compensate in the after-life for lifetime injus- 
tice. But the justice that is such a watchword 
is to be applied within the system; status- 
oriented religion seldom challenges the system 


‘itself or its Establishment. It follows that re- 


ligion conduces to mutual support within the 
group. As Frank H. Knight writes, ‘“Social- 
moral motivation...has a quality properly 
called religious . . . there is probably no group 
life without real ‘devotion,’ in a religious sense, 
of the members of the group .. . ” [10, p. 321]. 


‘ Papandreou asserts that “the capitalist economy of 
today is sof in fact a market economy ...” [17, p. 5]. 

* Reminder: This article is concerned only with the 
individual and the organization. It does not consider sys- 
tems of interaction among organizations, for which a new 
nomenclature would be needed. 
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Contract control-industrial production 


The Enlightenment that ushered in the con- 
tract concept of social organization was indeed 
momentous. However, it probably was not con- 
ceived of in terms of an industrial system of pro- 
duction. As noted above, the religious environ- 
ment of the Enlightenment was conducive to 
individual enterprise and bargained exchange, 
and the entire age has evoked an image of buc- 
caneers and pioneers rather than conglomerate 
industries. 

Early classical economists latched onto the 
liberalism of the contract system and applied it 
to nascent industry. But they visualized small 
industry, not large. Even today the contract 
system is not applied to large industry exclu- 
sively. A farmer, for example, freely commits 
his services contractually at specified compen- 
sation. (The system does not apply to pre- 
harvest contractual sale.) Contractual relation- 
ships occur in business partnerships and small 
corporate businesses that retain a loose, pre- 
industrial structure (see chart). 

Nevertheless, the preponderant application 
is to large-scale corporate enterprise. The in- 
dustrial-contractual combination not only re- 
ceives the most emphasis, but also presents one 
important model to which agriculture could 
convert in the future (usually called “corporate 
farming”). Hence it merits careful study. 

Like any system of social organization, the 
contract system has its companion concepts of 
justice, religion, incentives, and rewards, and its 
own requirements for institutional support. 

Even as the bargained exchange system 
rests on each person’s having access to land or 
other resources, so must a contract system in an 
industrial setting assure opportunity for em- 
ployment. Justice, concerned under the status 
system with paternalistically dispensed equity, 
now is directed at nonforeclosing of any per- 
son’s options—or, in an even more enlightened 
view, of guaranteeing that options exist. 
Monopolizing becomes a criminal act. In Amer- 
ican history when the growing industrial struc- 
ture violated the no-monopoly tenet, central 
government tried to respond. First it outlawed 
trusts; then, despairing, it turned to the 
promises of the Employment Act of 1946. Now 
it is considering such drastic action as guaran- 
teed employment or the anesthesia of income 
maintenance. 

Without disputing good intent or some 
achievement, the disaffections of our day sug- 
gest that steps taken thus far are not entirely 
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effectual. Perhaps more wisdom awaits. But the 
suspicion grows of an intrinsic incompatibility 
between the lofty goals of contract relations 
and the nature of an industrial system of pro- 
duction. Indeed, a contract-industrial combi- 
nation is heroic. Upon a production system that 
is intricately organized and must run like clock- 
work is imposed a control system that seeks to 
maximize the freedom of opportunity for the 
individual human being. 

A contract system would have suited pre- 
industrial circumstances better. In a manorial 
setting where the individual has a separate role, 
it is not hard to conceive of granting him 
broader rights of self-determination and re- 
ward commensurate with performance. 

By definition the contract system eliminates 
compulsion, leaving reward and religion. | 

In an industrial setting, however, a convinc- 
ing combination of incentives and rewards is 
hard to come by. The grand paradox is that 
sachems of business and of churches promulgate 
the reward-according-to-performance ethic of 
the Reformation. But how can it be applied 
where individual performance blends incognito 
into mass output? For a reward equation, econ- 
omists resourcefully adapt the technique of 
marginal analysis, itself derived via the neo- 
classicists from an earlier agrarian economy 
wherein marginal physical inputs were added 
to a fixed land base to get a discrete and dis- 
cernible marginal yield, Alas, marginality (as a 
basis for return to factors) conforms better to a 
manorial production system than to the indus- 
trial system. Modern industrialism dooms the 
technique. 

It is doomed conceptually and operationally. 
How can a person be rewarded objectively for 
unidentifiable output? As Nell insists, ‘““Margi- 
nal productivity applies only where labor inputs 
of uniform quality are directly connected with 
a physical product...” [15, p. 444]. 

The default of a satisfactory calculus of com- 
pensation is made worse by carrying caste fea- 
tures of the manorial system forward to the in- 
dustrial age. In today’s industry the tendency 
is for each person to contribute only one factor 
of production; even corporate ownership and 
management are being separated. As a conse- 
quence, possessors of each factor tend to gravi- 
tate into social classes, each of which has its 
niche in the hierarchy of prerogatives and of 
claims upon income. 

Therein lies a meaningful distinction; farm- 
ing, where each operator combines three or four 
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factors in himself, forestalls social-class and 
income-distribution contests to some degree. 
Operationally, the technique of marginality 
is doomed through active agents, namely, labor 
leaders. Although the specialization that marks 
our system relegates the individual to incon- 
spicuousness, his role, normally shared with a 
few or many others, remains vitally essential. 
The invitation to ally with counterparts is ir- 
resistible, the potential gain great. There fol- 
lows a new kind of marginality, one of monop- 
oly derived from specialized competency. When 
other role-performers get into the act, the valu- 
ation system deteriorates into monopolies in 
contention; this helps to account, incidentally, 
for inflation amid idled resources.® 


Policies—in Place and in Prospect 

Analysis is prologue to policy. Among broad 
policy directions, three are readily set forth. 
The first is to arrest or reverse the industrial 
production system itself. The second is to re- 
vert toward a status system of control. The 
third is to seek acceptable modifications in the 
industrial-contractual system, for example 
those of industrial democracy. 


Decentralizing or rehumanizing industry 


Most visible of proposals are to break up the 
largest corporations, to decentralize both busi- 
ness and government into new territories of 
regional development, and to deter or even pro- 
hibit further take-over of small business by big 
business. These are familiar and need no re- 
view. A case can easily be made for keeping 
business size within bounds. 

More inventive is a broad category of efforts 
covering a gamut from making the individual’s 
work more meaningful to promoting a quasi- 
religious attachment of the individual to his 
sheltering employer. Regarding the first, News- 
week has reported that “Ford Motor . . . is ex- 
perimenting with a ‘team’ approach to building 
some auto components with workers moving 
along the line’; Chrysler has been bolder: 

“Workers in one plant were allowed to run 
_their own department while the foreman was on 


6 The sharing of role that induces coalition for defensive 
of aggressive purpose, joining fellows in a craft or occupa- 
tional function, is essentially horizontal. Horizontal aggre- 
gations then clash with vertically structured power units of 
the industrial firm or the state. It is a biaxial confrontation. 
New tendencies to horizontal unity jeopardize various other 
vertical alignments, even one such as the family; and they 
extend to many class- or caste-oriented associations. 
Junior high pupils now organise for protest! 
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vacation; at another location workers them- 
selves test-drove cars they had built” [24, 
p. 65]. ; 

In the middle ground are restless probin 
within academic circles regarding the role of 
management. Long ago economic thinkers 
named management a factor of production., This 
is a logical contradiction, fór it equates land, 
labor, and capital to a factor that manipulates 
those three.” Semantic quibbling aside, manag- 
ing the combination of resources has been em- 
phasized. Only recently have ideas on manage- 
ment been directed to motivating human be- 
ings. This new direction has come mainly from 
outside economics in a field now sometimes ele- 
vated to a discipline, appropriately called Man- 
agement. 

Most exciting, however, are the strategems 
adopted within the business community to 
inculcate an esprit de corps, a sense of organic. 
unity, within each organization. Boulding calls 
it seeking “an identification of the purpose of 
the individual himself with that of the organiza- 
tion” [1, p. xxxiii]. This implies a status system, 
and reminds of a tribal chieftain’s exhortation 
to loyalty. Other devices are more prosaic. In a 
perceptive analysis Oberg [16] begins from the 
familiar ground that “work, for large numbers 
of employees, is not a rewarding experience.” 
He says that each person plagued by anonymity 
of product needs “to find immortality of ac- 
complishment if not of person.” Further, “from 
an organizational point of view, moral commit- 
ment and faith in the organizations’ goals and 
leaders are an almost unmixed blessing.” And 
as though to elaborate on the analysis presented 
in this paper, Oberg refines the idea of contract 
to include not only the “calculative-utilitarian” 
contract, which is standard to most business 
organizations, but also the ‘“‘moral-normative,” 
“exemplified by churches, colleges, and ideo- 
logical political organizations.” Oberg ques- 
tions whether business can adapt and adopt the 
latter [16, pp. 20, 24, 19]. 


Reversion toward status 


Admonitions to organization loyalty, just 
noted, have a status cast, but a clearer instance 
of moving back toward a status system is the 


1 The factors are a logical monstrosity. Where did they 
come from? Capital is in no sense basic and is an ambiguous 
concept, as Joan Robinson devastatingly observes [19]. 
Better qualified for inclusion is governance. If capital, de- 
fined as physical resources converted to reproducibility, is 
to remain, why not add education? 
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emerging so-called grants economy. This is 
characterized by transfer payments that are 
not based on individual performance. Social 
Security (OASI) benefits were originally insur- 
ance, which is contract, yet mandatory, which 
is a status feature. As the insurance features 
fade it is more exclusively status. It may be 
supposed that highly mechanistic formulas for 
compensation, such as public school teachers’ 
years-of-service plus degree held, resemble sta- 
tus about as much as contract. In agriculture 
various programs have a status touch, e.g., 
compensatory payments for wool and mohair. 
Income maintenance as variously proposed 
would carry the principle much further. 

Contemporary religion is caught between the 
two systems. When its conservative wing ap- 
plies the protestant ethic to a contract-indus- 
trial system, social critics charge it with com- 
plicity in the distresses of our day. Meanwhile 
church attendance declines, and the two more 
vibrant trends resemble status more than con- 
tract. One trend is toward a fundamentalism 
that reminds of early Christians’ temporal 
fatalism and eternal faith; the other is toward a 
trust in secular amelioratives such as public 
welfare programs.*? Most inventive have been 
not the democracies but the totalitarian states 
that invoke Caesar-worship. 


Institutional innovation 


Institutional innovation that would revital- 
ize is more dramatic. Only a few of the many 
proposals can be mentioned. Probably the 
starting point is to recognize the modern busi- 
ness firm for what it is—in Boulding’s words, 
“an essentially collectivist type of enterprise” 
[1, p. 35]. John Fischer, redoubtable editorial- 

. izer of Harper’s magazine, quotes with tenta- 
tive approval the notions of Robert Dahl (in 
After the Revolution: Authority in a Good So- 
ciety [6]) that “the system of ‘self-manage- 
ment’ developed in Yugoslavia might be worth 
considering for adaptation here. Workers’ 
councils, mainly elected by employees, have a 
considerable voice in the management of most 
enterprises, from factories to hospitals and the 
postal service” [7, p. 18]. Participants in a con- 
ference staged by the Center for Democratic 
Institutions discussed the idea of self-manage- 





$ The late Reinhold Niebuhr was an articulate and alto- 
gether admirable advocate. 

° On the other hand, the churches’ fight against discrimi- 
nation is in the best tradition of the Enlightenment and a 
contract society. 
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ment, that is, “participational democracy in the 
work place, calling for direct involvement of the 
workers at all levels of decision-making” [5, 
p. 3]. 

Implicit in such a reversal of trends would be 
a recasting of the system for distributing the 
proceeds from common enterprise. Profit-shar- 
ing would be sine qua non. Index-linked loans 
and a host of other revisions in the established 
way of doing things would likely follow.?° 

The role of civil government must now be 
examined. Often the prescription is to use the 
democratic processes of- the nation-state to 
bring giant business to heel. Apparently Gal- 
braith holds something of this philosophy. 
There is no denying the burden that govern- 
ment carries in the modern industrial-contrac- 
tual system. Much is to be said for improving 
the capacity of government to perform well; a 
tradition of laisser-faire has not led to sophisti- 
cated inquiry into the arts of exercise of 
governance. But the nation-state only aggre- 
gates further, only obscures the individual 
more. A preferred course must be to reform 
private organization. 


Agriculture in a Contract Economy 


To the organizational deficiencies revealed in 
our generation the farming sector is doubly 
sensitive. Even where individual exchange still 
prevails, the farmer is affected by the make-up 
of the commercial world from which he buys 
his supplies, to which he sells his product, and 
in which his sons and daughters—and possibly 
he himself—may seek employment. 

Nonetheless, a focus more appropriate to this 
inquiry is the organizational system that farm- 
ing itself will take. On the one hand, farming is 
not well suited to the industrial system of pro- 
duction, an observation Brewster often made. 
In this sector of the economy the production 
system facilitates retaining the identity of the 
individual and his work. Only the “factories” 
in eggs, broilers, and large cattle feedlots are 
major exceptions. Furthermore, most farming 
is still organized on an individual basis with the 
market exchange system predominating. Esti- 
mates are that around 80 percent of all farm 
products are produced by market proprietor- 
ships. Another 10 to 15 percent are contrac- 
tually produced. About 5 to 7 percent are pro- 
duced under industrial-corporation farming. 
The trend, however, is toward expanding the 


10 Cf. Prell [18]. 
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latter two at the expense of proprietary produc- 
tion for the market." 

A side effect of new attention to organization 
of the commercial-industrial portion of the 
economy is to legitimize inquiry into the organi- 
zation of farming. When the model of commerce 
and industry was still being eulogized, organiza- 
tional issues in farming won little audience. 


Avoidance of organizational drift 


The main moral from the preceding argu- 
ment may be to disqualify contractual indus- 
trialism as an acceptable model for the agricul- 
ture of the future. If it is running into trouble 


and generating institutional mutation where it: 


has long been established, how can it be upheld 
as a desirable model for agriculture? 

Foremost may be the question whether insti- 
tutional innovation can be achieved in farming. 
Worst of all policies would be to “let nature 
take its course.” In contrast any ritualistic 
defense of the status quo in farming would be 
inexcusable and probably futile. Historically 
the rural sector has been both van and rear in 
institutional change [2]. It could bein the van 
once again, 


Choice among basic systems 


To frame a farming policy, one or more basic 
systems must be chosen. The categories in the 
chart on page 2 make a good starting point. 
To what extent is individual proprietorship to 
be elected? Where that choice exists, is the 
farmer to buy and sell through a market? If so, 
some quick shoring up of present markets will 
be necessary. This would likely extend to 
underwriting access to land, credit, and tech- 
nical knowledge. Laws for pollution control, 
tax policy, and a host of other regulatory mea- 
sures must be designed to accommodate a mar- 
ket proprietorship farming. This is not idle 
rhetoric! An exchange system will not work if 
one part of the community is permitted aggres- 
sively to dispossess another, irrespective of how 
innocent the acquisitiveness. 

If the farmer retains his “craft/agrarian” 
production system but moves into a contrac- 
tual system of control (contractual integra- 
tion), protection of his contractual integrity 
will be required. How can drift into status-sys- 
tem repression be forestalled? 

Another set of possibilities comes under the 

u Estimates of the author. Contractual production is 


defined as restricted to production under terms that lodge 
much of the control with the contractor. Cf. [3, 14]. 
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‘heading of a manorial system of production. 


Included are partnerships among operating 
farmers, still fairly rare, and forms of coopera- 
tive action in which the farmer operates his own 
businéss but relies on his cooperative for a great 
many off-farm services including prenegotia- 
tion of contracts for obtaining supplies and 
marketing product. Indeed, the North Central 
Public Policy Education Committee (Exten- 
sion) includes full-contract cooperatives among 
its list of major organizational systems avail- 
able to the farming of the future [11]. How- 
ever, such an organizational system would go 
far beyond present Capper-Volstead coopera- 
tives; it could have a bargaining aspect to it. 
More than that, its internal government would 
have features resembling the Yugoslav experi- 
ments mentioned above; and it would retain the 
label of a “contractual” control system only so 
long as that internal democracy functioned. If 
democracy lapsed, the cooperative would shift 
into the “status” category. 


Design for the community 


` The analysis presented here is not well suited 
for considering community development. If, 
however, the inquiry were broadened to include 
the rural community, opportunities for institu- 
tional innovation would be legion. Some halting 
progress is already being made, as in forming 
regional planning units endowed with a mea- 
sure of proficiency and power. Dreams of pre- 
planned communities, complete with industry, 
with educational, cultural, medical and re- 
ligious facilities, and with a viable farming 
component, can be given embodiment if only 
the will is there. 


The Call for Institutional Innovation 


Man, pursuing his relentless trajectory 
through time, must design his organizational 
system to fit his highest aspirations. His 
analytical eye must take into account alternate 
systems both of production and of control, and 
the former dare not dominate the latter with- 
out a reckoning of the consequences. 

Modifications must be made in the industrial- 
contractual system that in mixed, impure form 
now tends to dominate. No longer can limitless 
resources of a New World be exploited under a 
system in which remaining shreds of the protes- 

"Yt could go into various explorations, such as joint 
ventures. For an example of innovative thinking along this 
line, and instances such as Minute Maid’s income-sharing 
with Florida Orange Marketers, see Goldberg [8]. ‘ 
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tant work ethic are counted on to neutralize the 
disspiriting effect of mass organization that 
dwarfs the individual and hides his handiwork. 
Nor can the algorithm of reward regard man as 
marginally dispensable instead of intrinsically 
essential. 

In the balance between man, resources, and 
forms of economic organization, the first and 
last can no longer be shortchanged while atten- 
tion is directed to combining a wealth of re- 
sources. A bridge must be built between man 
and his economic organization, and the nature 
of the human condition must be one abutment. 
The impersonality of the industrial system is 
too oppressive; it conflicts with man’s history 
and his behavioral patterns. Man’s acts, his 
failings, his derring-do have until lately been 
individually identifiable. Whether tending a 
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herd or fashioning a sword or smiting with that 
sword, man struggled against nature or against 
man. Man cannot safely be submerged, and his 
socio-economic-political organization must ac- 
commodate his need for identity and expres- 
sion. 

The contract system of organization will not 
be discarded; rather, industrial democracy will 
be built into it. Institutional innovation that 
emerges will revamp commerce and industry. 
Agriculture, where the farming operation offers 
a conspicuous human role, is among the sectors 
most deserving of attention and promising of 
attainment. It should be possible to fashion 
agriculture and the rural community in a way 
to make rural regions a delight to their resi- 
dents and a demonstration to all who are will- 
ing to watch and learn. 
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The Political Economy of Regional Water Institutions 
Herren M. Inaam 


Water experts, prominent among them resource economists, typically suggest a unified regional 
organization as the appropriate institutional approach to an entire range of problems. Yet, the 
performance of multistate regional organizations has been disappointing. It is argued here that 
failure of regional institutions to innovate is largely determined by the restraints imposed by 
political viability. The article describes the political environment of regional organizations and 
` the incentives and disincentives for various interests to associate themselves with regional 
organizations. Finally, various possible strategies whereby a regional organization can build 


support are outlined. 


innovation, A. Allan Schmid remarked 
in his paper on analytical institutional 
‘economics, “New programs, agencies and rules 
‘have promised much and delivered little in 
- changed performance” [24]. The experience of 
multistate regional water institutions presents 
just such disappointment. The expectation of 
the designers is that regional entities will pro- 
- vide a comprehensive, coordinated, regional ap- 
proach to water resources. In practice, it is ex- 
tremely difficult to demonstrate that the frag- 
mented, disjointed approach which typifies 
and, in the view of many, plagues water policy- 
making has been much altered by establish- 
ment of regional water institutions. This paper 
argues that failure of regional institutions to 
accomplish real innovation is associated with 
the restraints imposed by political viability. 
To be viable, that is, to survive, regional 
agencies have had to tailor their actions to 
build support. Support-building actions then 
compromise their ability to approach water 
` and other resource problems in a comprehen- 
sive, coordinated, regional manner. 

Tf social science research is to be relevant to 
the process of policy change, then the con- 
straints imposed by political viability must be 
incorporated into institutional analysis. What 
is needed is a political economy model which 
includes the production and allocation of 
political resources. In the necessary research 
framework, the decision maker in water policy 
must be placed in the context of scarce political 
resources, weighing the relative costs and 
ae. of different courses of action [11, p. 
56]. ° 

Most of the research on regional institutional 
arrangements has failed to include political 
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factors. Instead, prescriptions are based on 
technical and economic concerns, Water ex- 
perts, prominent among them resource econ- 
omists, typically suggest a unified regional 
organization as the appropriate institutional 
approach to the entire range of problems— 
quality, quantity, enhancement of fish and wild 
habitat, water-based recreation, etc. The ra- 
tionale is that basic facts of hydrology dictate 
that river basins be managed as a whole. Fur- 
ther, characteristics of the economic system 
suggest that management be organized on a 
sufficiently broad scale to internalize the major 
externalities involved in water use [14]. A 
basin-wide agency, it is argued, can achieve 
economies of scale and optimal rationality in 
site selection for water projects [20, 21]. The 
ideal posed has been geographic congruity be- 
tween the water-related task to be performed 
and the areal jurisdiction of the planning and 
administering unit [15]. Since river basins 
seldom follow existing state boundaries, water 
experts have recommended creation of sub- 
national organizations which overlay the regu- 
lar federal system. 

A variety of regional organizations has been 
experimented with during this century. Begin- 
ning with the Colorado River Compact of 1922, 
more than 30 compacts have been negotiated 
among states dealing with associated water 
problems in a variety of ways. Many, particu- 
larly those in the West, have been water alloca- 
tion compacts. Others have been aimed at 
limited coordinating efforts such as flood and 
pollution control. A few compacts have estab- 
lished commissions with limited regulatory 
authority such as the Ohio River Valley Water 
Sanitation Compact (ORSANCO). Compacts 
with the most comprehensive authority are the 
federal-regional compacts including the Dela- 
ware and Susquehanna compacts and the 
nearly completed Potomac compact. The 
Tennessee Valley Authority is a unique regional 
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arrangement for planning and developing 
water resources in a river basin which com- 
prises parts of seven states. It is a wholly owned 
federal government corporation with broad 
authority in flood prevention, improvement of 
navigation, electric power development, and 
other resource activities. In the 1940’s and 
1950’s numerous federal interagency coordinat- 
ing committees were established in river basins, 
and ad hoc coordinating committees were set 
up from time to time to coordinate the plan- 
ning of federal construction agencies in particu- 
lar basins for specific studies. River basin com- 
missions replaced some of the interagency and 
ad hoc committees after passage of the Water 
Resources Planning Act of 1965. There are now 
seven river basin commissions with joint fed- 
eral and state membership whose principal 
functions are preparing a comprehensive, coor- 
dinated plan for water and related land re- 
sources. Congress created a number of regional 
economic development commissions in 1965 to 
foster expansion by various means including the 
development of water resources. None of the 
experiments with regional organizations has 
been altogether successful. There is not one 
organization whose achievement stands out as 
clearly better than the rest. 

The tendency among water resource experts 
has been to look at the design of various re- 
gional institutions to explain the causes of 
failure. Questions have been debated whether 


a regional agency must have implementing and- 


regulatory as well as planning authority, and 
whether its scope of jurisdiction should be 
restricted to specific issues such as water qual- 
ity, the subject of water generally, or, more 


broadly, natural resources and the environ-. 


ment. The likelihood of success has been linked 
to the existence of an independent staff and 
leader and adequate funding. Variations in 
existing regional institutions’ organization and 
membership have been scrutinized in terms of 
inclusiveness and capacity to make decisions 
[3, 9, 16]. The perspective of this author is that 
regional agencies, regardless of their specific 
design, are challenged by common problems of 
political viability. The intention here is to ex- 
plore the dimensions of this common problem 
and describe the strategies which regional 


organizations have employed to achieve politi- 


cal viability. 

Although there is extensive literature on 
regional organizations, little has been written 
which focuses upon political resources or the 
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choice of decision makers in a context of scarce 
political resources. Sources of information and 
analysis cited below were selected because they 
dealt, in whole or part, with questions of polit- 
ical support for various regional organizations. 


The Regional Environment 


A regional organization is not created into an 
empty world. Instead, a web of relationships 
already exists among federal, state, and local 
agencies and interest groups. A regional orga- 
nization must fit into, and, if it is to have sub- 
stantial impact, alter and redirect these rela- 
tionships. A regional agency must possess and 
maintain support for its operations. As Warren 
and Wandesforde-Smith in their excellent 
analysis of regional arrangements in the 
Columbia River Basin have stated: 

A new subnational agency must be imposed 

upon a system of behavior, or regional political 

system, in which many existing jurisdictions 
have a capacity to influence the new agency. 

Their influence may extend to the planning, co- 

ordination, and program the new agency can 

adopt and the degree of success its policies enjoy. 

[26, p. 14] l 


The regional setting of an institution has an 
important impact upon its viability. 

The extent of regional consciousness on 
regional interest is a significant variable. Some 
regions such as New England and the Old 
South have a particular sense of identity and a 
long history of cooperation. In a federal system 
most allegiance to geographic areas is focused 
on particular states and the nation. There is no 
solid evidence that social awareness of regions 
is on the increase. Still, all other things being 
equal, the integrating and coordinating task of 
a regional institution should come easier in a 
region which has had practice at getting to- 
gether. 

Traditionally, water has not been a subject 
which raises the level of regional cohesiveness. 
The politics of water have been essentially 
local politics with each locality focusing on its 
particular water problems. In the.West the 
struggle to get a fair share of water supply has 
divided locality from locality and state against 
state. No less parochial view is evidenced in the 
East, where there is a tendency for each com- 
munity to develop its own water supply, and 
regional solutions are not ordinarily considered 
unless the cost of independent sources of supply 
becomes prohibitive [10]. 

Motivations for establishing a regional organi- 
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/ 
saiton and the extent to which they are coherent 
and consistent are important to the organiza- 
tion’s long-term political viability. It cannot be 
assumed that establishment of a regional water 
resource institution represents political recog- 
nition of its river basin character or a predis- 
position toward regional coordination and 
agreement. River basin institutions have been 
motivated by a variety of specific causes. The 
Pacific Northwest River Basin Commission was 
established to provide a united front against the 
threat of an interbasin transfer of water from 
the Columbia to the Southwest and to obtain 
some promised federal subsidies for state water 
resources planning [26, p. 18]. Defense against 
federal intervention was a major inducement to 
New England states in drafting the North- 
eastern Compact and, upon failing to get Con- 
gressional approval for the compact, for the 
establishment of the New England River 
Basins Commission which they felt would 
strengthen the states’ hand against federal 
agencies [12, p. 18]. Negotiations leading to 


the signing and ratification of the Delaware `- 


River Basin Compact reveal among the major 
actors serious differences which threatened to 
mar their unified, regional approach to water 
resources. The. states within the Delaware 
basin were prompted by a desire to cut down 
the autonomy of the federal agencies and to 
bring decision making back from Washington 
to the region. Understandably, federal agencies 
were skeptical and suspicious, and the federal 
government insisted upon multiple reservations 
to the compact [3, p. 102]. As the above ex- 
amples indicate, agreeing to a regional institu- 
tion does not constitute agreement upon re- 
gional aims and goals the agency should pursue, 
or even a commitment to make the regional 
institution work, 

The values and preferences of individuals in 
key positions in water-related activities in the 
region are important attributes of the environ- 
ment. In a specialty like water, the people 
active in a region may remain the same over the 
spans of their careers. Carry-over of personnel 
introduces a certain inertia into institutional 
change. Warren and Wandesforde-Smith found 
that many of those who occupy high posts in 
the Pacific Northwest River Basin Commission 
have been associated with water-related agen- 
cies and groups for more than 30 years and in 
some cases for a longer period. Similarly, a staff 
director of the New England River Basin Com- 
mission was formerly a representative of Mas- 
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sachusetts on the New York-New England 
InterAgency Committee, and members from 
the Department of Interior and the State of 
Connecticut on the interagency committee also 
carried over to the river basin commission. The 


‘result of such long involvement is that although 


regional institutions change, the attitude of 
important decision makers about coordination 
within the region and relationships among im- 


‘portant decision makers are more constant 


parts of the environment. 

The foregoing analysis indicates that the 
regional environment for regional organizations 
is frequently not conducive to their growth and 
development. A common regional viewpoint 
may well be lacking. Establishment of a new 
organization may have little effect upon the 
personnel who make decisions, Consequently, 
a regional agency in order to insure survival 
must look to sources of support among the 
interests in the region. 


. Interests Within the Region 


Underlying the fragmented decision-making 
system in which the allocation of water re- 
sources is ordinarily made within a region are 


- different and often conflicting interests. Ac- 


cording to Lyle Craine [4], “The primary is- 
sues confronting a basin-wide agency stem from 
conflicting goals based upon various values and 


. public preferences expressed and supported by 


different political constituencies.” If a regional 
agency is to accomplish coordination and co- 


` herence, it must establish a positive balance of 


support. Its decisions must prompt more ap- 
plause than boos from the interested public. 
Consequently, orientation of the important 
interests in a basin toward regional institutions 
is crucial to success. If they are to support and 
alter their behavior to comply with: regional 
institutions, they must somehow see their in- 
terests served. Following is a listing of the 
major interests within regions and their orien- 
tation toward regional water institutions. 

1. States represent important interests within 
the region. In general, states have been reluc- 
tant to give up autonomy to regional bodies. 
As noted above, inducement for combination 
has been to ward off federal influence, not nec- 
essarily a sense of regionalism. Whether states, 
in fact, are motivated to coordinate their water- 
related actions. through regional bodies de- 
pends upon the salience of water as an issue, 
the extent to which a regional strategy serves 
particular state interests, and the individual 
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capacities of states to participate in regional 
institutions. 

Water is regarded as “liquid gold” in some 
arid Western states, and state governments 
have squared off against each other in historic 
legal struggles over water rights. In other states 
water has been a much less important issue, 
overshadowed by more immediate social prob- 
lems and pushed off the active agenda of most 
state leaders. Federal agencies have historically 
taken the initiative in water development, and 
as one state official assessed the experience, “By 
and large, the states have been content to let 
someone else do their planning and then cry 
about the results” [25]. 

Interstate rivalry between Arizona and 
California over the division of Colorado River 
water demonstrates that even when water is 
important, states frequently see benefit in an 
individual rather than regional strategy. The 
Colorado River Compact of 1922 was useful to 
states because it afforded legal protection to 
specific separate interests, not because it was a 
rational basin approach. Within a river basin 
there is likely to be considerable variation in the 
willingness of states to cooperate and coordi- 
nate. Upstream-downstream splits are com- 
mon. The northern New England states, for ex- 
ample, have far less to gain from a regional 
flood control program than Massachusetts and 
Connecticut [8]. Similar divisions exist in the 
Pacific Northwest [26]. 

A Minnesota representative on the Great 
Lakes River Basin Commission presented that 
state’s perspective on regional water arrange- 
ments: 


... the state has only a secondary interest in 
the multi-state regional aspects of managing its 
water resources. From Minnesota’s point of 
view, not many of its water problems are suscep- 
tible to solution or amelioration by the action of 
other states. The small number of water prob- 
lems that Minnesota can identify can be handled 
usually by its own State agencies working with 
representatives of local governments and private 
industries. A few problems require the assistance 
from one or more Federal agencies, and, on occa- 
sion, a neighboring state may need to be con- 
sulted. But there is relatively little that a multi- 
state body can do to assist Minnesota to achieve 
its objectives in water resources management. 
[13, p. 7] 


With such little stake, it is not surprising that a 
state is reluctant to fund, participate in, and 
tailor its behavior to fit regional water institu- 
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tions. Of course, if regional bodies serve as con- 
duits of large federal funds, the interest of the 
state may possibly become much greater. 

The capacity of states to participate in re- 
gional bodies varies from state to state, but 
overall it is not great, especially when compared 
with that of federal agencies. Participation in 
coordinating bodies can be a drain upon state 
resources. Again, Minnesota’s experience is il- 
lustrative. 

Minnesota lies in four separate river basins. It 

receives a matching grant from the Water Re- 

sources Council to help defray some of the costs 
of working with these regional planning bodies. 

The amount of that grant is not nearly sufficient 

to pay for active participation in all four of 

these bodies, having as they do a combined total 
of 115 work groups. One consequence, then, is 
that federal agency representatives perform most 
of the work in preparing the group’s plan docu- 
ment. [13, p. 6] 


2. Federal agencies, whether or not their rep- 
resentation is formally consolidated as in fed- 
eral-interstate compacts, represent diverse in- 
terests with which a regional body must cope. 
Federal agencies have their own aims, goals, 
and constituencies and can be expected to serve 
them. Individual water agencies have their own 
shelf of project plans which they dream of con- 
structing and their own lines to local interests 
which benefit from projects and supply continu- 
ing support for the agency program. Under cer- 
tain circumstances individual agency objectives 
can be served by working through regional in- 
stitutions. If coordination among federal agen- 
cies and cooperation with states implies ap- 
proval of agency plans with less conflict, then 
federal agencies are likely to cooperate with re- 
gional entities. Federal construction agencies 
have been increasingly willing to work through 
coordinating bodies such as basin committees 
and commissions and the Water Resources 
Council. Experience has demonstrated that 
open interagency competition evokes Congres- 
sional displeasure and provides leverage to the 
opponents of water development. Through 
communication facilitated by regional coordi- 
nating committees and the layering of agency 
plans, agencies can avoid collision. 

Under certain circumstances a regional insti- 
tution can provide support, or at the very least 
act as a buffer, for federal agencies. Where a 
federal agency can get a regional body to adopt 
its plan as the regional plan, its interests might 
well be furthered by supporting the regional in- 
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stitution. The Pacific Northwest River Basin 
Commission, for instance, has been pressed by 
the Bureau of Reclamation to adopt the West- 
wide Study. The Delaware River Basin Com- 
pact Commission chose to adopt the Army 
Corps of Engineers water plan for the region 
and it is probable that the Susquehanna Com- 


‘pact Commission will do likewise. The Office of 


Appalachian Studies, a group specially formed 
within the Army Corps of Engineers, prepared 
the Appalachian Water Plan for the Appalachia 


' Regional Commission. New England provides 


an example of a regional agency operating as a 
buffer. The Army Corps of Engineers is cur- 
rently bête noire to many conservation groups, 
and any project the Corps undertakes is im- 
mediately suspect. Insofar as the New England 
River Basins Commission is considered a disin- 
terested party by the Corps’ detractors, its con- 
sent for projects represents a valuable achieve- 
ment for the Corps. 

- The less dominant federal agencies in a region 
may have a larger voice in decision making 
through a regional organization. Interagency 
cooperation and planning has regularly bene- 
fited the Soil Conservation Service’s small 
watershed program. As a participant in coordi- 
nating committees, the SCS has received con- 
sent for projects which the agency would have 
had difficulty in justifying on its own. The re- 
gional representative of the Department of In- 
terior in New England states that its agencies 
had greater influence over the Corps by work- 
ing through the New England River Basins 
Commission [12, p. 16]. 

Under other circumstances, the aims of fed- 
eral agencies can be better served by opposing 
establishment of regional institutions and work- 
ing around them once they are established. 
Where a federal agency is dominant in a region, 
it may well be reluctant to share its power with 
other agencies, including regional entities. Fox 
and Picken [7] and Pealy [18] have docu- 
mented the reluctance of the Army Corps of 
Engineers to share its hegemony over main- 
stream flood control in the Arkansas White-Red 
river basins. Agencies are likely to object even 
more strongly when regional agencies threaten 
to displace their activities in a basin. Long- 
standing opposition to any replication of the 


Tennessee Valley Authority has come from fed- ' 


eral agencies whose activities have been either 
cut out or circumscribed in the valley. Similarly, 
federa] agencies were the focus of opposition to 
the Delaware River Basin Compact, and many 
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of the federal reservations were motivated by 
agencies’ concerns to maintain an operating 
base in the basin. 

3. Private interests, including commercial, in- 
dustrial, developmental, and environmental in- 
terest groups, are important actors in the region 
and their position vis-d-vis regional entities is 
crucial to political viability. Especially if a re- 
gional entity endeavors to take policy positions 
which diverge from those of other governmental 
actors, the states, and federal agencies, approval 
and support of a constituency of private inter- 
ests are essential. . 

Interest groups operate under the strictures 
of a resource budget in their relations with gov- 
ernmental entities. They have only so much 
time, energy, staff, and funds to expend, and 
they naturally want to focus their activities 
upon priority decision points. Established posi- 
tions of authority such as state and federal agen- 
cies are likely to have preferred status over re- 
gional entities. Longstanding agency-clientele 
relationships exist between federal and state 
agencies and the publics they serve. Interests 
are most apt to focus on salient, eminent deci- 
sions. Because of the remote impact of river 
basin planning decisions, it has been difficult to 
motivate private interests to make much of an 
input into regional planning studies. Nothing 
happens to many plans, even authorized ones, 
as illustrated by the $15 billion backlog of 
authorized water projects. If plans come to 
fruition; it is often far in the future. The aver- 
age time for the planning and construction of 
civil works projects by the Army Engineers is 
currently 17 years and 11 months. The level of 
importance of the decisions which regional en- 
tities make also affects the degree of attention 
and support deriving from private interests. 
Private interests are unlikely to pay much at- 
tention if what a regional agency does is routine 
rather than innovative. 

Private interests are more likely to relate to 
regional agencies if they present an alternative, 
more sensitive decision point than federal and 
state agencies. Environmental groups have pro- 
vided particular support to the New England 
River Basins Commission because they believe 
its chairman, who has a strong conservation 
record, is more sensitive to environmental im- 
pacts than other governmental entities [12, p. 

4. Governors have interests of their own apart 
from general state interests. Their support, op- ` 
position, or inattention affects a regional en- 
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tity’s political viability. The perspective which 
a governor has on regional bodies is shaped by 
his role and the pressures under which he must 
work. A governor has one or two terms in which 
to make whatever impact upon policy he is to 
make, and he must build popular support in his 
first term if he is to have a second. The gover- 
nor’s power resources vary from state to state. 
Often, he has difficulties controlling an adminis- 
tration in which agency personnel have much 
longer tenure. He usually wins the approval of 
state legislatures only after tough, protracted 
effort. 

Historically, governors have not usually ex- 
ploited regional institutions. They are often 
separated from their counterparts in other states 
in the region by national political affiliation. 


Governors’ conferences typically skirt substan- ' 


tive issues which might produce conflict. A gov- 
ernor’s principal obligation must be to his own 
state. Regional programs are of political interest 
to the governors primarily if they have clearly 


visible impact on solving critical state problems. - 


Regional water programs, unless they are as- 
sociated with an immediate crisis such as a 
flood or connected with a broader environmen- 
tal program, are not ordinarily of the magnitude 
‘of importance to attract much attention. Fur- 
ther, the time span under which regional orga- 
nizations often operate frequently does not 
square with gubernatorial needs. Planning agen- 
cies, for instance, often work in a long time 
frame. 

Under certain circumstances, governors may 
be attracted to working through regional or- 
ganizations. The support of a regional body may 
lend weight and credibility to a policy a gover- 
nor wants to pursue in his state. Regional bodies 
may promote measures which governors have 
difficulty promoting directly. Flood plain man- 
agement, which local governments find distaste- 
ful and often oppose, is an example [2]. If re- 
gional bodies serve as a conduit to states of fed- 
eral funds which individual states cannot tap 
on their own, then governors have somewhat 
stronger inducements for cooperation. 


Alternative Strategies of Regional 
Organizations 


If a regional agency is to grow and survive, it 
must build a positive balance of support among 
the interests which are predominant in the re- 
gion. The design, membership, structure, de- 
cision rules, jurisdiction, and authority of a re- 
gional organization strongly affect the strategy 
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which a regional agency pursues in putting 
together a basis of support within a region. It 
has not been possible, however, to design an 
agency which is immune to its political environ- 
ment, even if this were desirable. Following are 
examples of strategies which different regional 
entities have pursued to maintain political vi- 
ability. l 

The grass roots strategy dictates an orientation 
toward local and private interests as the basis 
of support. The Tennessee Valley Authority is 
the classic example of this strategy [23]. TVA 
was created during & period of crisis with the 
backing of a powerful president. It was afforded 
a number of autonomies and freedoms which 
insulated it from federal executive and Con- 
gressional control. At the same time this unique 
federal corporation was cut off from the federal 
establishment as a source of support. In its pre- 
carious position, TVA took special pains to cul- 
tivate the strong support of the people and the 
power centers of the region. It worked to com- 
plement rather than to replace the influence of 
local governments and private interests. Three 
examples will suffice to illustrate TVA’s grass 
roots strategy. First, in its power program 
TVA restricted its operations to wholesale pro- 
duction and distribution. Not only did it leave 
the retailing to be done by local organizations, 
but also it encouraged the formation of con- 
sumer cooperative groups. Second, in its fertil- 
izer program TVA decided to concentrate on re- 
search and development at the region’s univer- 
sities and by demonstration projects to promote 
enlightened use of fertilizer with various of the 
region’s agricultural groups. Thirdly, in its 
sponsorship of planning TVA promoted a high 
planning capability in states and localities 
rather than doing all planning itself [1]. In his 
well-known study of the TVA, Philip Selznick 
concluded: 


... The Authority’s grass-roots policy as doc- 
trine and as action must be understood as related 
to the need of the organization to come to terms 
with certain local and national interests; and 
that in actual practice this procedure resulted in 
commitments which had restrictive consequences 
for the policy and behavior of the Authority it- 
self. [23, p. 12] 


The most heralded experiment in integrated, 
multipurpose water resources development has 
thus fallen far short of expectations. The grass- 
roots strategy has meant that TVA is much less 
than a fully integrated water resource manage- 
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ment agency for the Tennessee River basin. It 
has divested itself of responsibilities that re- 
lated primarily to local communities of interest 
and concentrated on a narrow range of problems 
related to flood control, power production, and 
navigation. Other purposes are integrated only 
as other cooperating agencies are willing to co- 
ordinate their programs with TVA [17, p. 67]. 
_ The Ohio River Valley Water Sanitation 
Compact (ORSANCO) represents a variation 
on the grass roots strategy. Industrial interests 
in Pennsylvania were effective in blocking the 
ratification of the compact until they became 
convinced that federal intervention was likely. 
The compact document itself, adopted in 1948, 
was a conservative one, and in practice, with 
respect to industrial waste discharges, the com- 
_ mission defers wholly to the member states. for 
regulation. The commission has authority to 
issue enforcement orders and bring polluters to 
court, but it has exercised its enforcement power 
only six times in the course of eighteen years, 
and in none of these instances has the case gone 
to court. Infrequent use of enforcement powers 
is due to the fact that action can be taken only 


if a majority of the commissioners from a major- 


ity of the member states agrees, and then only 
if a majority of the commissioners from the 
state from which the pollution originates as- 
sents [5, p. 135]. Enforcement against water 
pollution in the Ohio Valley under ORSANCO 
lags behind the rest of the nation [16, pp. 64- 
94]. A strategy of deference to states and the 
private industrial interests they represent limits 
the achievements of the compact. 

The governors’ strategy is most obviously ex- 
emplified in the Appalachian Regional Com- 
mission established in 1965. A conference of Ap- 
palachian governors organized in 1960 to press 
for federal aid to the region. President Kennedy 
responded with programs through the Area Re- 
development Administration, but this approach 
_ failed to satisfy the governors who argued it 

was an underfunded and piecemeal approach. 
In 1963 the President’s Appalachian Regional 
Commission was formed to prepare a plan. The 
resulting ARC program was shaped by the par- 
ticipation of the governors and is sustained by 
that participation today. Procedures of the 
ARC call for recognition of state-identified 
growth centers where investment is to be con- 
centrated. Program composition by state is de- 
termined by interstate negotiation with major 
approval and often development assistance of 
each project by thestate [22]. Appalachian gov- 
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ernors support the commission as a conduit of 
federal funds to the region. This strong basis of 
support has had implications for the policies 
pursued. One view is presented by the Ash 
Council Report which stated: 
The plans of the Appalachian Regional Com- 
mission are essentially in aggregation of separate 
state investment plans. Commission funds tend 
to be divided among states according to formulas 
based on population or some measure of need. 
There is little evidence that economic develop- 
ment priorities, strategies or projects have been 
established on a regional basis. [19, p. 53] 


A strategy of compromise and moderation im- 
plies not alienating any potential supporters 
and is well illustrated by the Delaware River 
Basin. Compact Commission. Although under 
law the Delaware Commission can.act by ma- 
jority vote, the position of the federal member 
is legally murky. In practice, the commission 
has operated under general agreement. Federal 
agencies were excluded from the negotiations of 
the Delaware Compact and were faced with al- 
most overwhelming political support for the 
compact in Congress. The federal agencies’ first 
line of defense was to tack on numerous “‘reser- 
vations” to the compact, preserving a whole 
host of federal interests. The very uncertainty 
surrounding the reservations appears to have 
created an atmosphere conducive to, if not com- 
pelling, consensus among federal and state mem- 


‘bers [16]. 


Although there is considerable debate over 
the achievements of the Delaware River Basin 
Commission, there is general agreement that it 
has never really exercised the considerable 
power it was granted. The strategy of modera-, 
tion, where no toes are stepped on, may con- 
demn a regional institution to not doing any- 
thing innovative. The Delaware Compact. 
Agency has not created a comprehensive plan. 
The major plan for water control in the Dela- 
ware Basin was a Corps of Engineers-led plan- 
ning effort which the agency adopted. The com- 
mission’s record with respect to pollution con- 
trol is considered by some to be very modest on 
the grounds that it was not motivated to act 
under its very adequate authority until enact- 
ment of the 1965 Federal Water Pollution Con- 
trol Act amendments. While the commission 
did act, so did most other agencies including the 
states within the Delaware on other waters 
within those states [6, p. 15]. 

The federal agenctes’ strategy has been chosen 
by many river basin commissions set up under 
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Title IT of the Water Resources Planning Act. 
Although these commissions are designed to 
give equal status to both federal and state agen- 
cies, their activities are those in which federal 
agencies have superior resources and which par- 
ticularly benefit federal agencies. Much com- 
mission effort is put into planning studies, and 
federal agencies are specially funded and staffed 
to participate in such efforts. In contrast, states 
are underfunded and understaffed. Out of plan- 
ning efforts eventually come projects which fed- 
eral agencies can build. No such obvious pay-off 
accrues to states. A common problem identified 
by reviewers of Title IT River Basin Commis- 
sions has been a failure to serve the interests of 
a so well as those of federal agencies [3, 9, 
12], 
Conclusions 

A thorough catalogue of the strategies pur- 
sued by regional organizations might well un- 
cover other types and certainly some examples 
of mixed strategies. The New England River 
Basins Commission, for example, has followed 
a double path of appealing particularly to the 
governors and the environmental groups in the 
region [12]. A complete review is less the point 
here, however, than is illustration of the per- 
vasiveness of employing strategies to maintain 
political viability. 

Herein lies a lesson for the sponsors and de- 
signers of regional agencies. Under most cir- 
cumstances an integrated comprehensive treat- 
ment of water resources cannot be organized 
within the framework of a single integrated 
agency. Too many values are at stake in rela- 
tion to too many different communities of in- 
terest [17]. Where interests are conflicting and 
there is no agreement on goals, the necessary in- 
gredients for cooperation and coordination can 
not be created by establishing an organization. 
The resource economist who fails to take into 
account the restraints of political viability in 
making organizational recommendations risks 
disillusionment when the organization fails to 
perform. 

Examples of the Tennessee Valley Authority 
and the Delaware River Basin Compact illus- 
trate that political considerations cannot be 
sidestepped by granting a regional organization 
more formal authority. Where there are frag- 
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mented and conflicting interests with their own 
resources of power and authority, then decisions 
are going to be made by a process of negotiation 
and consent-building, not by the fiat of a re- 
gional agency. 

Unquestionably, there are aspects of water 
and other resource problems which require some 
kind of regional treatment that can be facili- 
tated by a regional organization. Where re- 
gional agencies are desirable, then selection of 
attributes, including organization, membership, 
jurisdiction, and authority, must be made with 
a view to the political environment of the region 
in which it is to operate and the basic requisite 
of political viability. If a regional agency is to 
act and not be captured by particular interests 
with strong positions in the region, then ade- 
quate sources of support must be identified by 
designers. 

Furthermore, regional entities must be given 
the tools with which to cope with the interests of 
the region and elicit their compliance. Atten- 
tion needs to be given to the sort of inducements 
that would commit states to regional organiza- 
tions, including funds funneled through regional 
bodies, requirements for participation in re- 
gional planning for federal grants-in-aid, and 
other means. Similar thought needs to be given 
to incentives which could prompt federal agen- 
cies to give their full cooperation to regional, 
bodies. Designers also need to prepare for public 
involvement in regional organizations. Most re- 


` gional agencies until now have had a very low 


public profile. If regional agencies are to fulfill 
meaningful objectives, then public recognition 
and support are likely to be basic ingredients 


_of viability. 


Future social science research on regional 
water institutions should be more broadly 
focused than much of what has been done in the 
past. A political economy model needs to be em- 
ployed which includes the production,. alloca- 
tion, mobilization, and exchange of political as 
well as other resources. Only such a model can 
realistically illustrate and explain the behavior 
of decision makers who operate under condi- 
tions of scarce political resources and who must 
have support for their actions if the benefits to 
the decision makers are to exceed the costs in- 
volved. 
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Application of Multivariate Probit to a Threshold 
Model of Grain Dryer Purchasing Decisions 


LoweLL Hit anp PAUL Kau 


Purchase of grain dryers by farmers can be explained using a threshold theory of decision in 


which a reaction occurs 


only after the strength of the stimuli increases beyond the farmers’ 


reaction threshold. Estimates of the causal relationships in this dichotomous decision model were © 
obtained by using the probit technique with data from a farmer panel. The results provide an 
explanation of differences in the number of dryers purchased by farmers in various classes and 
regions. It also provides a procedure for predicting dryer ownership and purchases of dryers as 
an aid to forward planning by distributors of drying equipment. 


HE decision to purchase a durable factor 

of production such as a grain dryer may 

be characterized as a dichotomous choice 
between two mutually exclusive alternatives. 
The dichotomous nature of such a decision im- 
plies that there exists a “breaking point” or 
threshold in the dimension of the explanatory 
variable below which a stimulus elicits no ob- 
servable response. Only when the strength of 
the stimulus reaches the threshold level does a 
reaction occur. Additional increase in stimulus 
strength results in no effect on the observed re- 
sponse. 
` Predicting and explaining these kinds of eco- 
nomic decisions and behaviors requires special- 
ized models to identify the relevant economic 
stimuli, to provide information on the magni- 
tude of their effects, and to estimate the thresh- 
old levels of responses, 

Although studies have been made of eco- 
nomic decision processes [15, 18, 20, 23], none 
have adequately integrated the theory of the 
threshold concept and the operational statisti- 
cal techniques into an economic model. Nourse 
[21] and Berry [2] referred to the concept in 
their studies of market areas and centers but 
applied the term only to the problem of mini- 
mum size of firm. Bilkey [3] in a study of con- 
sumer expenditures implied the threshold con- 
cept in his vector analysis, although he did not 
explicitly develop a threshold theory or attempt 
to measure the threshold levels. Models de- 
veloped by Tobin [25], Rosett [22], and 
Dagenais [5] can be used to estimate parame- 
ters for dichotomous problems, but no explicit 
connection was made between decision theory, 
the threshold concept, and statistical tech- 
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niques. These models focused primarily on 
limited regressand problems.’ Tomek [26] dis- 
cussed the dichotomous regressand problem and 
related statistics but like Tobin and others did 
not relate his study to the theory of threshold 
reactions. In contrast, modern psychologists 
such as Heckel and Jordan [10] and Isaacson, 
Hutt, and Blum [14] emphasize the important 
relationship between the threshold concept and 
human decisions or behavior, but their ap- 
proaches are mainly conceptual rather than 
operational and quantitative. , 

Integration of the theoretical and statistical 
models is important in explaining and predict- 
ing dichotomous decisions and behavior. Objec- 
tives of this paper are to explicate the threshold 
concept in terms of a multivariate probit model? 
and to apply this model to farmers’ purchases 
of grain dryers in order to estimate probability 
of purchase and identify the causal factors in 
the decision. 


Theoretical Framework of the Model 


For convenience, assume a decision variable, 
Y, which is designated as the dependent vari- 
able in an equation with only one explanatory 
independent variable, X. If the observed F is 
defined in the context of probability, then Y 
will take only two values: Y=1 if the decision 
results in an action and Y=0 if it results in no 
action. The dichotomous nature of this kind of 
decision is illustrated by the line ATUB in Fig- 
ure 1. Point T represents the “breaking point” 
which, in terms of psychology, is referred to as 
the “limen” or “threshold.” At values of X 
greater than T there is a probability of 1 of posi- 


1 Despite a similarity between the limited regressand 
problem and the threshold concept, a dependent variable 
that is inherently bounded by an upper and/or a lower limit 
does not necessarily imply the existence of a threshold. 

2 The estimation procedures of this model are mainly 
based on Finney’s- probit analysis and Tobin’s extension 
{7, 25]. 
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Decision Variable, Y 





a Z : T 


Explanatory Variable, X 
Figure 1. An individual decision threshold — 

tive action or decision. At values below T the 
probability is zero. 

When the decision variable, F, takes on only 
“values of 0 or 1 and the thresholds of all mem- 
bers in a sample are distributed among different 
values of the explanatory variable (e.g., 71, Fs, 
Ta ©- +, Tn in Figure 2), then the expected 
functional relationship of the threshold decision 
model would resemble a sigmoid curve. A dis- 
tribution of thresholds within a random sample 
would be expected because of individual differ- 
ences such as personality, preferences, educa- 
tional background, philosophy of value, etc. 

Yamane [27, p. 123] has suggested that the 
sum of a number of independent random vari- 
ables is asymptotically normal regardless of the 
distribution of the individual. variables. Since 
the threshold of an individual is influenced by 
numerous variables focused ‘into a single re- 
sponse, distribution of thresholds in a large 
‘sample of individuals can logically be assumed 
to be normal, and the expected functional rela- 
tionship between the expected purchase of a 
dryer and the explanatory variables will be a 
normal sigmoid curve such as AB in mge 2 
[6, p. 1781.. 

The main charàcteristic of a oi sigmoid 
curve is the existence of sections in the lower 
‘and upper ranges of the explanatory variable 
(or variables) in which an increase in the ex- 
planatory variable would not exert any (or at 
most a negligible) influence on the value of the 
‘ decision variable. A sensitive response in the 
decision variable can be observed only in the 
segment between the two extremes [7, pp. 8- 
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47]. The end-point of the lower range may be 


- .regarded as the “threshold” of that explanatory 
. variable. Beyond the threshold point, a normal 


sigmoid curve first increases at an increasing 
rate and then increases at a decreasing rate, 
finally reaching a maximum at a probability 
value of 1. Therefore, the sigmoid curve is a 
functional form which represents the threshold. 


_ concept. 


EENT Considerations 


Many. methodological problems are encoun- 
tered in estimating relationships in which the | 
dependent variable is dichotomous [5, 8, 26, 

8]. Although the linear probability function is 
frequently used to approximate relationships 
in a threshold model, this technique has several 
serious limitations, including: (1) The dis- 
turbance term exhibits heteroscedasticity [8, 
p- 249]; and (2) The expected value of Y may 
oar il be greater than 1 or less than 0 

5,8 

Use of Aitken’s generalized least squares will 
overcome the heteroscedasticity problem; how- 


‘ever, further difficulties will be encountered in 


determining the weighting factor 
4 
VEY) — EY] 


if E(Y;)>1 or E(Y;)<0 or if the variance-co- 
variance matrix is singular [8, p. 250]. 

To handle the problems of E(Y;)>1 and 
E(Y;) <0, both the simpler method of truncat- 


Decision Variable, Y 
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Explanatory Variable, X 


Figure 2. Functional form of aggregated decision , 
thresholds i : 
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ing Y values [9, 13] and the more complicated 
procedure of restricted least squares in conjunc- 
tion with quadratic programming [19] have 
been proposed. 

Several other techniques have been sug- 
gested including logit [1], gompit [4], and Zell- 
ner and Lee’s joint estimation techniques [28]. 
The method of discriminant analysis is also ap- 
propriate for answering some questions related 
to models having a dichotomous dependent 
variable. 

The probit model selected for use in this 
study has several desirable characteristics when 
used to estimate parameters of a threshold de- 
cision model. Probit, as systematized by Finney 
[7] and extended by Tobin [24, 25], determines 
the decision variable Y by Y=0 if X< X*, and 
by Y=1if X> X*. It is clear that X* plays the 
role of a “breaking point,” and thus the thres- 
hold concept is explicitly incorporated in the 
model. In a multivariate case, an aggregated 
variable A is assumed such that A is a linear 
combination of the explanatory, variables, with 
A* as threshold playing the role of disturbance 
forces. The disturbance term is therefore homo- 
scedastic in the probit approach [8, p. 250]. The 
final equation derived from the probit model is 
E(Y;| Ay) =prob (Y;=1 | A,;)=F(A) =F(BiXx 
+BiXait ---+BaXni) [8, 24]. Since F is the 
normal cumulative function, whatever value 
A, takes will necessarily be transformed into the 
interval of zero and unity, and the difficulty of 
E(Y,)>1 or E(Y,)<0 is overcome. Moreover, 
the derived functional form between A and Y is 
a normal sigmoid curve [7]. Therefore, any 
linear or nonlinear relationship between X and 
Y through A can be accommodated, and the 
threshold decision model can be represented. 

An additional property of the multivariate 
probit model is that the magnitude of the effect 
of the relevant economic stimuli depends upon 
the status of the economic unit as well as upon 
the magnitude of the estimated coefficient, B;. 
To state this more rigorously, AE(Y;) is a func- 
tion of A; and AA,, where AA;=B,(AXy). For 
example, an increase of the ith farmer’s farm 
size, Xs, will increase his probability of deciding 
to purchase a dryer. The amount of increase in 
probability is determined not only by the mag- 
nitude of AA; (as in ordinary regression), but 
also by the initial value of A; before the change 
in Xy takes place. Therefore, the effect of a 1 
percent increase in farm size depends on the 
initial size of that particular farm. This is con- 
sistent with both economic theory and empiri- 
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cal observation of decisions involving a thres- 


‘hold concept. 


Analytical Model 

Economic feasibility of purchasing a dryer 
depends on the relative profitability of alterna- 
tive uses for resources as well as on the cost of 
drying. The choice between on-farm and off- 
farm drying is therefore influenced by the eco- 
nomic organization of farm enterprises and by 
the characteristics and attitudes of individual 
farmers. Both A (the aggregated index of the 
explanatory variables) and A* (the threshold 
level) vary among farmers. To explain and pre- 
dict the decision for individual farmers or 
groups of farmers, it is necessary to identify 
and quantify relationships between the vari- 
ables that comprise A and the purchasing de- 
cision, F. 

It was hypothesized that the variables of 
farm size, farm type, method of harvest, farm 
ownership, shelled corn storage capacity, per- 
cent of grain sold at harvest, and age of the 
farmer were significant variables in an explana- 
tory model of farmers’ decision to purchase a 
grain dryer.’ The multivariate probit model was 
formulated as follows to estimate the parame- 
ters involved in these relationships: 

Let 
0, if A;<A* 

for all i, i=1, 2, >en 
1, if A;>A,* observations. 


Y= 


Where 
A= But BX aut +++ + Baka 


m=number of independent variables 
A;* =the threshold level of the ith farmer. 

Xı=1 for all 4. 

X:=farm size as measured by acres of corn 
harvested. 

X,= farm type where a livestock farm feed- 
ing over 500 head of hogs annually is 
coded 1 and all other farms are 0. 

X4=percent of total corn production har- 
vested as shelled corn. 

Xs=reflects ownership of a home base of 

operations and is coded 1 if the farm 
operator rented all of the acres oper- 
ated; otherwise coded 0. 

Xe=Shelled corn storage capacity on the 

farm, measured in hundreds of bushels. 





* Economic rationale for the relationships of these ex- 
planatory variables to the purchasing decision is explained 
in detail in a previous study by Hill [11]. 


aa 
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X= percent of total corn production sold at 
harvest. 

AXg=Age of the farm operator grouped as 
t=under 25 years; 2=25-34; 3=35- 
44: 4=45-54; 5=55-64; 6=65 and 
over. 

X= Elevator drying charges in cents per 
bushel per point of moisture removed. 

X19=A composite of several measures of the 
adequacy of elevator services recorded 
on a scale from 0 to 21. 

Y°;=the ownership of a grain dryer by the 
ith farmer. 

Y?;=the purchase of a grain dryer by the ith 
farmer in a given year or period. 

Y‘;=the intentions of the ith farmer to pur- 
chase a grain dryer within a 3-year 
period. 


Decision to purchase a dryer would ordi- 
narily precede actual installation by severaldays 
or weeks, and the- stimuli prompting the de- 
cision could precede installation by several 
months or years. A time dimension is therefore 
an important factor in the model, varying in 
degree with the explanatory variable under 
consideration. Many of the variables in the 
model, such as farm size, may reach the thresh- 
old level one or more years prior to actual in- 
stallation of the dryer. This would be due to 
the advance planning required for a grain- 
handling system and to interrelationships be- 
tween dryer ownership and the necessary har- 
vesting, handling, and farmstead equipment. 
In the statistical estimation of the effect of 
these variables on the decision, observation of 
the dependent variable should lag behind ob- 
servation of the explanatory variables. 

On the other hand, the effect of a variable 
such as age of operator exerts its influence on 
responsiveness to stimuli at the time the de- 
cision is made and need not be lagged. 

A third group of variables is simultaneously 
determined, and the cause-effect relationship is 
difficult to isolate in a statistical model. For 
example, the percent of shelled corn to sell at 
harvest must be decided in conjunction with 
the availability of drying capacity and causal- 
ity flows both directions. 

Three basic models were employed in this 
study. The first model examined present owner- 
ship of a dryer and related it to present farm 
characteristics such as size, percent field 
shelled, land ownership, etc. This model does 
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not show pure causality, because present farm 
characteristics may be quite different from 
characteristics at the time the dryer was pur- 
chased. 

The second type of model focused on cau- 
sality by identifying the year in which the dryer 
was purchased and relating the purchase to 
farm characteristics of the same or previous 
years. For example, a dryer purchased in 1970 
was related to farm size in 1967. The actual 
number of years that each variable was lagged 
was determined by economic logic and by ex- 
perimentation with different equations and 
time periods. 

A third type of model was used to explain the 
decision process by analyzing the farmer’s indi- 
cated intention to'purchase a dryer within the 
next three years. In 1967 each farmer was asked 
if he intended to purchase new or additional 
drying equipment within the next three years. 
The answers were then checked against re- 
ported purchases in 1968, 1969, and 1970, and 
the relationship between intentions and actual 
purchases was analyzed. 

Data used to test these economic relation- 
ships were obtained from a panel of Ilinois 
farmers maintained by the Farm Research In- 
stitute of Urbana, Illinois. Data on dryer own- 
ership and farm characteristics were available 
from 1967 panel responses; similar data were 
obtained for 1970. 


Empirical Results 


‘Results of the three types of models described 
above are summarized in Table 1. Most of the 
signs of the coefficients are consistent with 
hypothesized relationships, and the tests of 
significance help to indicate their importance in 
explaining the purchasing decisions of farmers. 
The probability that a particular farmer will 
purchase a grain dryer can be calculated from 
the coefficients shown in Table 1 as follows: 
Calculate the value of A; by inserting the ap- 
propriate values of X, in the equation 
A= By X1+-BeXe+ eas + BaXm- The probit- 
probability transformation table‘ can be used 
to transform values of A; into probability. 

The equation and coefficients can also be 
used to estimate the percent of farmers in a 


particular class or geographical area who pres- 


1 The symbol A is equivalent to the term “probits” in the 
traditional probit analysis in which A* is assumed to be N 
(5, 1). See [7]. 
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Probit estimates from equations analyzing ownership, purchases, and intentions to 


purchase grain dryers by Illinois farmers 





Variables I 
Equation 1 

1 Constant Term — 1.823% 
2 Farm Size .0023** 
3 Farm T .828** 
4 Percent Field Shelled .0215* 
5 Tenancy — .128 . 
6 Shelled Corn Storage En 

7 Percent Sold at Harvest — .0136* 
8 rator’s Age — 143" 
9 Elevator Drying Charges — 

10 Adequacy of Elevator Service — 

11 Dryer Ownership in 1967 — 

12 Change in Percent Field Shelled — 

13 1967 Intent To Purchase — 

14 Dependent Variable? Y%Q 


* Observations on the explanatory variables for these equations were 
b The variables of farm size, dryer ownership, and intentions used 1967 


1970 data. 


° Observations on the explanatory variables for equation 6 were 
percent level; * indicates significance at the 5 percent level. 


d ** indicates the coefficient is significant at the 1 








Models 
Tr Tr Ab Ore 
Equation Equation pam on Equation 5 Equation 6 
—1.28* -—2.34%*" —1.28* —2,59* —.79 
.0007 „001 .004** .0003** .002** 
.07 —6.55 617 476 . 284 
.007* .002 — .006 .0099** .003 
<12 .893* — .456 — — .33 
— — — — .0006 
— .01* 004 .002 — .003 
— 169 — .153 — .166 — .058 — .253** 
= a = 2.63 135 
— ery =. 009" — 
— — — ,816%* — 
YP os YP eq Yo YPes-70 Yho 
rted for 1967. 


ta; the other explanatory variables contained 
rted for 1970. 


© The dependent variables are identified as follows: the three variables of dryer ownership, purchases of a iye, and in- 


tentions to purchase a 


are represented by the superscripts of O, P, and J, respectively. The numerica! 


subscripts 


identify the year or years for which observations on the variable were obtained. 


ently own a dryer. Mean values for each inde- 
pendent variable are substituted in the equa- 
tion to calculate A, for the class or region. The 
probit-probability table is used to obtain per- 
centages. When predicting ownership for a 
particular geographical region, it may be pref- 
erable to stratify potential customers according 
to major explanatory variables (e.g., hog 
farmers, owner-operator, etc.). This is particu- 
larly helpful if there is evidence that the 
population is not normally distributed over the 
independent variables. The percent of farmers 
owning dryers can then be predicted for each 
class strata, or the class estimates may be ag- 
gregated for a region. The estimated number of 
farmers owning dryers can be compared with 
actual numbers as reported by the U. S. Census 
of Agriculture to obtain a measure of sales 
potential. 

The estimation procedure for probit results 
in theoretical values of A; that lie between — œ 
and +- with mean zero and variance 1. Esti- 
mates of the parameters for a given population 
at different points in time may show differences 
in farmers’ reaction responses as reflected in 
different values of B;. Distribution of 4, will 
remain unchanged as will the average threshold 
value for the population. Although the mean 


and variance of A; is the same for any normally 
distributed population, differences can be iden- 
tified by calculating values 4 and A* for par- 
ticular classes within the population. This is 
illustrated by calculating A, for all respondents 
owning a dryer in the 1970 survey and compar- 
ing their mean and variance with those respon- 
dents not owning a dryer. The mean and vari- 
ance of A; were .41 and .62, respectively, for 
Y =1. For farmers not owning dryers mean and 
variance were —1.11 and 1.0. Overlap of the 
two tails of the distribution one standard devia- 
tion from the means included values from —.38 
to —.11, suggesting a value of A,* within this 
range for most of the respondents. The distribu- 
tion for Y=1 was skewed to the right from 
using dryer ownership at one point in time as 
the dependent variable, even though the actual 
purchase may have been made several years 
previously. Changes in variables, for example in- 
creased farm size, can be used to predict the 
movement of A; since purchase of the dryer 
would tend to move the value of A; to the right 
of the true value of a farmer’s A,*. 

The effect of changes in the independent 
variables on the probability of dryer ownership 
cannot be interpreted directly from the coeff- 
cients of Table 1 as is commonly done for re- 


24 / HL AND Kau 


gression. Referring to the final equation derived 


under the probit model, E(¥.{A4)=F(A) . 


=F(BiXy+BeXat oes +BaXni), it is 
evident that given a change in the values for 
any X;, magnitude of B; determines the change 
in value of the index for the tth farmer (Â). 
The effect of this change in 4; on the probabil- 
ity of dryer ownership is determined through 
the normal cumulative function discussed 
previously. 

Analysis of intentions and incorporation of a 
time dimension in the models summarized in 
Table 1 provide a basis for interpreting relation- 
ships between the individual explanatory vari- 
ables and the decision process of farmers, per- 
-  mitting improved estimation of future pur- 

” chases of grain dryers. 


Percent of corn field shelled 


Given the bushels of corn harvested, the 
percent of corn field shelled is a measure of the 
volume of high moisture corn that will require 
drying before it can be safely stored. It is there- 
fore a significant variable in explaining present 
dryer ownership (Model I) and actual purchase 
of a dryer (Model IIA). Since the actual change 
between 1967 and 1970 in the percent of corn 
field shelled was assumed to be a result of a 
planned decision anticipated in 1967, the actual 
purchase of a dryer between 1968-70 should be 
a function of the change in field shelling. Statis- 
tical analysis of Model ITA supports this hy- 
pothesis with significant coefficients for both 
percent of corn field shelled and change in the 
percent of corn field shelled. 

However, no significant lag was evident in 
this variable, and the coefficients were not 
statistically significant when the dependent 
variable was lagged more than one year (equa- 
tions 2, 3, and 4). Since field shelling creates the 
immediate problem of disposing of high mois- 
ture corn, the two decisions must be’ closely 
coordinated. 

Although the percent of corn field shelled was 
a significant variable in explaining 1967 inten- 
tions to purchase in a previous study [17], it 
was not significant in the 1970 intentions model 
(Model III). Those farmers for whom field 
shelling is an economic alternative are rapidly 
approaching 100 percent field shelled harvest- 
ing. Other farmers harvesting only ear corn 
may be unresponsive to the overall trend. For 
these reasons, field shelling is diminishing -in 
importance in explaining the intentions to 
purchase a dryer. 


Am. J. Agr. Econ. 


Size of corn enterprise 


Economies of scale suggest that some mini- 
mum size of corn volume is necessary to justify 
purchasing a farm dryer. This minimum varies 
with other characteristics of the farm and the 
operator, but it is a basic factor in explaining 
dryer ownership as indicated by Model I. In 
terms of causality there appears to be a strong 
lag effect, and the size of the coefficient and the 
significance level increased as the time span 
between farm size and year of purchase was 
increased (equations 2, 3, and 4). Intentions to 
purchase are also influenced by farm size as 
shown by the significant coefficient in Model 
UI. 


Age and education 


Both age and education are important vari- 
ables in the decision process. Due to the high 
correlation between these two variables, only 
age was entered in the equations reported here. 
Younger farmers tend to be more flexible in 
their decisions, adopt new ideas and technolo- 
gies more readily, and due to expected life span 
will anticipate a longer pay-out period for in- 
vestments. Importance of this variable is its 
effect upon attitudes of individuals. It is there- 
fore influential only at the point of decision. It 
was a significant variable in equations where 
dryer ownership or intentions to purchase was 
the dependent variable, but there was no ob- 
servable lag effect. 


Type of farm 


The best relationship between farm type and 
dryer ownership was obtained using a 0-1 vari- 
able where all farms having more than 500 hogs 
were coded 1 and all other farms were coded 0. 
This was a measure of the dry shelled corn 
required for feeding. While this variable was 
significant in explaining present ownership of a 
dryer (Model I), it was not significant in ex- 
plaining purchases since 1968, regardless of the 
time lag introduced. This variable was not 
significant in either the 1967 or 1970 intentions 
equations. This may be partially explained by 
the relative stability of farm type during the 
three-year period—only 13 of the 571 farms 
changed from the “0” category to the “1” cate- 
gory between 1967 and 1970. 


Storage capacity for shelled corn 


The cause and effect relationship between 
on-farm shelled corn storage capacity and the 
purchase of a dryer was not clear on a priori 
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grounds. There are several explanations for the 
high correlation between drying and storage 
capacity, all equally consistent with economic 
logic: (1) Ownership of a dryer encourages the 
purchase of storage capacity to avoid elevator 
delivery and/or sale at harvest; (2) Existing 
on-farm storage for shelled corn has only lim- 
ited value without some means of moisture 
reduction at harvest; (3) Drying and storage 
capacity are purchased simultaneously. Bin- 
type dryers (accounting for more than 80 per- 
cent of all farm dryers in Illinois) provide both 
drying and storage capacity in a single unit. 

A number of different formulations of the 
model (not shown) were used to test consistency 
of the data with the above hypotheses. The 
simultaneity explanation was weakened by the 
fact that 53 percent of the farmers owning 
shelled corn storage did not own dryers. Al- 
though storage capacity was a significant vari- 
able in explaining dryer ownership, neither the 
size of the coefficient nor the level of significance 
was increased by lagging the date of dryer pur- 
chase relative to storage capacity. The inten- 
tions model also failed to support the causality 
hypothesis as indicated by a lack of significance 
in all the intentions equations. It can be con- 
cluded that shelled corn storage exists inde- 
pendently of drying capacity. It is often pur- 
chased simultaneously with a dryer, but it is not 
a determining factor in the actual decision to 
purchase. 

Due to the high intercorrelation with other 
variables and the problem of joint decisions, 
storage was not included as a variable in most 
of the equations in Table 1. 


Tenancy 


Based on previous work [11], it was thought 
that security of an owned home base and elimi- 
nation of the landlord problems in sharing costs 
of drying and storage would result in a positive 
relationship between land ownership and dryer 
ownership. Although the sign of the coefficients 
for this variable was consistent with the hy- 
pothesis, the level of significance for the vari- 
able was quite low in nearly all equations. 
Neither tenancy nor change in tenancy was sig- 
nificant in the intentions model; thus, this vari- 
able must be relegated to a very minor role in 
explaining the decision to purchase a dryer. 
Had it been possible to measure the landlord’s 
attitude toward sharing the cost of drying and 
storage, this might have been a significant 
variable. 
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Percent of corn sold at harvest 


The intended use or disposition of wet 
shelled corn is a basic factor in designing the 
harvesting-handling system. If the grain is to 
be sold at harvest, no storage capacity is 
needed and on-farm drying is not likely to be 
feasible. Grain that is to be fed or stored for 
later sale may be dried on- or off-farm. The 
decision to sell a high proportion of production 
at harvest is thus closely tied to the drying 
decision; but it may be considered as either a 
cause or an effect. 

Model I shows that the percent of corn sold 
at harvest in 1967 is significantly correlated 
with dryer purchases in or before 1970. Model 
L (equations 2, 3, and 4) shows the significance 
level decreasing as the variable is lagged. When 
both storage capacity and percent sold at har- 
vest were included as variables, percent sold 
was no longer significant, indicating that on- 
farm storage and sales at harvest are opposite 
sides of the same coin. The variable was not 
significant in explaining intentions to purchase 
(equation 6). 

In summary, the percent of corn sold at har- 
vest appears to be highly correlated with the 
drying-storage decision but is not an explana- 
tory factor in the decision. 


Drying charges at the elevator 


Since drying corn at the elevator is a close 
substitute for on-farm drying, economic logic 
would suggest that changes in the price of one 
(i.e., elevator drying charges) would affect the 
quantity of the other (ie., the use of farm 
dryers). Although a previous study [12] indi- 
cated a relationship between on-farm drying 
and charges in 1967, no significant relationships 
between these variables could be established 
with the 1970 data from the Farm Research 
Institute. Several factors may have been re- 
sponsible for the lack of significance. (1) Data 
on drying charges were available only for 1970 
from the Farm Research Institute Panel, and it 
was therefore not possible to lag the purchasing 
decision behind the price stimulus. (2) Less 
than 26 percent of the 1970 respondents were 
able to provide information on drying charges. 
(3) Competitive pressures among elevators 
have resulted in a tendency toward lowering 
the drying charges over the past few years, thus 
creating a favorable image of “fair and reason- 
able” charges among farmers. (4) At their 
present level, drying charges are not an impor- 
tant factor in the farmer’s decision to purchase 
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a dryer. On-farm costs are quite comparable 
with elevator charges, and the factors of farm 
size, operator’s age, percent field shelled, etc., 
are the primary bases for the decision. This is 
further supported by respondents’ answers to 
the question, “If you now own a dryer, what 
factors were important in the decision to pur- 
chase?” Thirty-four percent said convenience, 
compared to 12 percent who reported that dry- 
ing charges influenced their decision. These 
results suggest the relegation of “price” to a 
minor role in the decision process. 


Adequacy of elevator services 


Questions intended to measure respondents’ 
evaluation of the adequacy of elevator services 
were combined into an index. This variable was 
significant at the 85 percent level (not shown). 
The short corn crop of 1970 may have biased 
the responses in favor of the elevator, but the 
data available only weakly support the hypoth- 
esis that adequacy of services is influential in 
the decision to purchase a dryer. 


Previous dryer ownership 


In a previous study a positive correlation 
between dryer ownership in 1967 and intentions 
to purchase a dryer during the next three years 
suggested that expansion of capacity is an im- 
portant source of new dryer sales [17]. The 
1970 data do not support the same conclusion 
because present ownership is no longer a signifi- 
cant variable (equation 6). The most significant 
difference between these two years is size of the 
crop. One may hypothesize that because of the 
1970 corn blight and associated low production, 
farmers were anticipating a small crop for 1971 
and at the time of the survey of panelists (Janu- 
ary 1971) saw no need for expanding drying 
capacity. This explanation leaves the basic con- 
clusion unchanged—i.e., expansion of drying 
capacity is the primary source of sales—while 
accounting for the observed reaction of the 
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respondents in the 1970 survey. If this conclu- 
sion is correct, then 1971 purchases and inten- 
tions to purchase should again be higher among 
those farmers presently owning dryers. 


Intentions to purchase 


Purchase intentions are no guarantee of a 
sale because many of the farmers who report 
plans to purchase never complete the transac- 
tion. One way to evaluate the significance of 
the intentions to purchase as reported by far- 
mers is to include the 1967 statement of inten- 
tions as a variable in the 1968-70 purchases 
equation (Model ITA). Results show that inten- 
tions were a significant variable in explaining 
actual purchases during the indicated period. 


Summary and Implications 


Models presented in this study provide a 
basis for estimating potential sales of grain 
dryers to farmers. The threshold concept per- 
mits explanation of the relationship between 
changing farm characteristics and dryer pur- 
chases. Incorporation of a time dimension in the 
analysis helped identify size of enterprise as the 
most significant causal variable in the decision 
process. Other significant variables in the sta- 
tistical analysis were joint or concurrent de- 
cisions which the farmer must make at the time 
he changes his harvesting and marketing sys- 
tem. 

Statistical properties, theoretical relation- 
ships, and the empirical application described 
in this paper demonstrate appropriateness of 
the multivariate probit model for problems . 
where the dependent variable is dichotomous 
and where the decision process involves a 
threshold effect. The threshold concept is basic 
in the understanding of many economic prob- 
lems involving purchasing decisions, and the 
probit technique permits quantification of the 
relationship between a threshold decision and 
the explanatory variables. 
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The Process of an Innovation Cycle* 


Yoav Kistev AND Nma SHCHORI-BACHBACH 


l 


An economic theory of the process of diffusion of innovations is developed and illustrated. In 
the theory, adoption is determined by comparative advantage considerations. An innovation 
is first adopted by skilled and experimenting entrepreneurs and then “difuses” down the skills 
scale. If the innovation affects supply substantially, prices may decline, profits eliminated, and 
early, skilled (and high labor opportunity cost) producers may exit from the affected line of 
production—hence, an “innovation cycle.” The theory implies that technological change is | 
affected by the distribution as well as by the average level of skills. 


NE would expect comparative advantage 
considerations—dynamic as well as 
static—to be crucial in determining 
patterns of adoption of innovations. This has 
been recognized in empirical work by, for ex- 
ample, Griliches [2], Mansfield [6] and Nelson 
[8] who incorporated measures of such items 
as benefits, costs, and profits as explanatory 
variables in the analysis. The most explicit 


recognition of the role of comparative advan-. 


tages in the adoption of innovations is found in 
the theory of the “product cycle” in interna- 
tional trade as expounded by Vernon [12] and 
Hufbauer [3]. The present study is an analysis 
of a similar process within one industry. A for- 
mal model describing an “innovation cycle” is 
developed in the first part of the paper and 
illustrated by an example from agriculture in 
the second. 

The model concentrates on the main aspects 
of the analysis and is based on simplifying as- 
sumptions. It is assumed that the innovation 
is either a new product or a new method that 
appreciably affects the supply of an existing 
product. The industry is competitive and is 
composed of small firms. Producers with the 
highest skills (the better schooled, perhaps) 
will be first to adopt the innovation. Their ad- 
vantage is in spotting a good idea, experiment- 
ing with it, and solving problems of adaptation 

* Work on this study was financed, in part, by a grant 
from the United States Department of Agriculture under 
P. L. 480. The present version was written during the first 
author’s stay at the Economic Growth Center at Yale Uni- 
versity with support of the International Bank for Recon- 
struction and Development. 

We are indebted to Ann Morgan, Hanna Lifson, R. R. 
Nelson, Yakir Plessner, Finis Welch, and the Journal 


referees, particularly Arlo Biere, for constructive sugges- 
tions. Errors and omissions are ours. 
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to local conditions. As industry’s experience ac- 
cumulates, others adopt. The increasing supply 
reduces price. This will drive the first adopters 
(the highly skilled and high labor opportunity 
cost producers) out of the production of the 
new product—hence, an “innovation cycle.” 

A major implication of the model is that 
skills are more important the more dynamic 
the economy. This notion is also developed by 
Nelson and Phelps [10] and Welch [13], who 
distinguishes between the “worker effect” (in- 
creasing production from an existing bundle of 
inputs) and the “allocative effect” of schooling ` 
(improving the allocation of inputs and out- 
puts). Welch argues that in a technologically 
stagnant economy experience will lead to op- 
timal allocation in all firms and that schooling’s 
economic. contribution will be limited to the 
worker effect. 

In the innovation cycle model the allocation 
problem is timing the adoption of the innova- 
tion, but there is a slight difference between 
Welch’s formulation and that of the authors. 
In his analysis, lesser-schooled producers sim- 
ply make allocation errors; in this analysis, 
they know (or estimate) their lower efficiency 
in production. In this respect the present model 
is in line with the traditional economic ap- 
proach of perfect knowledge and equilibrium: 
producers act rationally, being aware of their 
abilities, and firms are always in equilibrium 
(not necessarily static), while the other diffu- 
sion models that have been proposed assume, 
explicitly or implicitly, disequilibrium and lags 
in adoption originating from lack of realization 
on the part of the producers of potential bene- 
fits in new factors or products. 


1 These distinctions are not essential to the model. One 
could derive the same results on the assumption that lower 
skilled producers are as efficient as others in production but 
unaware of opportunities. The policy implications (in terms 
of the direction of extension work, for example) are quite 
different. See also [9, p. 102] for evidence that nonadopters 
are aware of innovations. 
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Specification 

The model consists of three building blocks: 
the firm, the product, and the industry. For 
the sake of exposition it is assumed that tech- 
nology is stagnant apart from the introduction 
of the innovation. - 

The firm is defined by an initial endowment 
of the entrepreneur’s own labor, L; in firm 4, 
and skills, Æ; All other factors are bought 
freely on the market; the industry is com- 
petitive, and firms do not have monopoly or 
monopsony power. The firm produces several 
products and complementarity between skills 
and other factors of production is assumed; 
thus, the shadow price (opportunity cost), wi, 
of the entrepreneur’s own labor (a joint input 
of “raw labor” and skills) is an increasing func- 
tion of his skills: 


w; = w(E:) 


1 4 
(1) w';> 0. 


The product q is produced by own labor, L 
(measured in labor units), and by other factors 
(including land and capital), v (in dollars), in a 
production function in which a knowledge com- 
ponent, a function g, enters in a multiplicative 

-form (Hicks-neutrality is assumed): 


(2) q = f(Z, *)g. 


The knowledge factor is a function of skills and 
the Arrow-type learning by doing [1]. Learn- 
ing is proportional to the experience at the 
industry level,? H, 


@) = faves 


where Q is the total industry output of the new 
product, and time is measured from the intro- 
duction of the innovation. 

Since w is a one-to-one function of Æ, it will 
be convenient to substitute w for E and write 





the knowledge function as 
(4) g = gw, B), 
with the following restrictions: 
O<gsi 
ð ð? 
ðw ow? 


t Whether experience at the industry level is relevant for 
the individual’s knowledge function depends on the in- 
dustry’s organization. In modern agriculture, with strong 
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8, (w=) 





Figure 1. Knowledge functions with 
maximal experience 





With these restrictions, equation (2) is a two- 
stage production function. In the first stage, 
skills and experience are combined in a “well- 
behaved” production function to create a 
knowledge component that is combined in the 
second stage with the physical process to 
produce the final product. 

This specification is not limited to the new 
product under consideration; other products 
were also new in the near or remote past. Write 
g(w,) for knowledge with maximal amount 
of learning. Two general classes of products 
can be distinguished (Fig. 1). In the first class 
(perhaps wheat growing), gi(w,o)=1. Given 
enough experience, all producers will possess 
the same level of knowledge specific to the 
production of this product. Here experience 
can completely substitute previously acquired 
skills. In the second class (radio manufacturing, 
say), gs(w,©)<1 for some range of w. Here a 


“worker effect” exists in the production of the 


product. The assumption of complementarity 
between skills and other factors in a technolog- 
ically stagnant economy, introduced earlier, 
implies existence of a “worker effect” in at least 
some of the firm’s products. 

The industry is competitive but faces a down- 
ward sloping demand curve for the new product 
with the price or 
public and commercial extension service, industry’s experi- 
ence is probably more important than the individual pro- 
ducer’s. 
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Figure 2. Accumulated distribution of producers 


P = P(Q) 
P <0. 


Producers in the industry can be ordered by 
skills (shadow price of own labor). Let n(w) be 
the number of producers with shadow price w 
or less. Cumulative function » is nondecreas- 
ing; assume it to be differentiable (Fig. 2). If 
we is the lowest in the industry and w, the high- 
est, then n(w,) =0, and n(w,) is the total num- 
ber of producers in the industry. The function 
n'(w) (=dn/dw) is the frequency distribution 
of producers. The particular form depicted in 
Figures 2 and 4, in which n’ is diminishing with 
w, implies greater concentration of producers in 
the lower skill range. 


Profits and Final Distributions 


Generally, producers will adopt the new prod- 
uct if it is profitable and will increase produc- 
tion if profits increase. But to focus on the 


(5) 
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essentials and to reduce mathematical com- 
plexity, assume that a new product is produced 
in all firms by identical and fixed amounts Ê ¢ 
of physical inputs. Let 


g=f(£,9)-1 


be the output of a firm for which g(w, H) =1, 
that is, a firm with maximum knowledge. As- 
sume further that introduction of the new 
product does not alter w, the shadow price in 
the other lines of activity in the firm; then 
profits above alternative costs in the new 
product in firm t are 


(6) mi = P§g(w:, H) — wil — ĵ. 
The firm will produce only if profits are posi- 


` tive: 


x, > 0 
ri < 0. 


With this study’s assumptions profits will in- 
crease with w for low levels of the shadow price 
and decrease for higher levels (Fig. 3). Let u and 
ü be the lowest and the highest w values for 
which x(w)=0. [When the diffusion process 
starts, profits are positive for the highest skilled 
operators; therefore, set @=w, if x(w)=0 for 
w>w, Similarly, set =w, if x(w)=0 for 
w<w,.] Production will take place by pro- 
ducers with shadow prices on the range (#, #). 
With time, experience accumulates, production 
expands, and prices fall. In the innovation 
cycle process, falling prices drive highly 
skilled (and wage) producers out, while low- 
skilled producers benefit from experience and 
adopt the innovation. 


qi = Ge(w:, H) 
qi = 0 





Figure 3, Revenue, costs and profits 


February 1973 


To trace the innovation cycle, focus on the 
movement of the boundaries, the break-even 
points y, #. For these points =0 always. Dif- 
ferentiating equation (6) with respect to time, 
incorporating +(=dz/dt) =0 and writing dg/d 
for dg/dw evaluated at #, 


ð 
P'Ogg(u, H) + På on Q 





ú = 


(7) 


In other words, for # and 4, 


market effect + learning effect 





“eo 


For #, the (negative) market effect is stronger 
than the (positive) learning effect and dx/du 
<0, thus 2<0. With a learning effect stronger 
than market effect and dx/du>0 (Fig. 3), #<0 
also. At the beginning of the diffusion process, 
ü=w, and ğ=0 until highly skilled producers 
begin to exit.? 

The innovation cycle may continue until 
“=W, but this is not the only possibility. Sev- 
eral alternative final distributions of producers 
(attained after the completion of the diffusion 
process) can be distinguished. Four such cases 
are depicted in Figure 4. Case (c) is an in- 
novation cycle as described above. In case (a) 
the demand is highly elastic and skilled pro- 
ducers did not exit at all. In cases (b) and (d) 
the innovation cycle stopped at u>w,. A nec- 
essary condition for this is the existence of a 
worker effect [g(w,) <1] in the new product, 
so that low-skilled producers can never, not 
even with maximal industry experience, master 
the profitable production of this product. 


Further Dynamics 
Total product of the industry is 


(8) Q= f www, H) dw. 


+ For the innovation cycle proper to exist, that is, for the 
innovation to move from highly skilled producers who drop 
it to low skilled ones who adopt it, the market effect at @ 
has to be stronger than the learning effect. If this is not the 
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Taking a time derivative of Q, incorporating 
(7), and making use of H =Q, one obtains: 








È 
9 — = ; H) = 
(9) 9 $(Ọ, H) 
T 
: 2 aH T 
1— P’? n'(@)g(#, H)? —_ m'(u)g(u, H) 
Or Or 
-= a 





It can be shown that ¢(Q, H)>0. The solution 
to (9) is 


(10) 0 = exp| f 90, mas + e| 


with 
Q(0) = exp (0). 


Equation (9) in its present form is applicable 
when the innovation cycle proceeds with 
producers entering and others dropping the 
production of the new product. At the begin- 
ning of the process, before the exit of the skilled 
producers, or always in cases (a) and (b) in 
Figure 4, @=w, in the integral in equation (9) 
and other terms involving # vanish (since 
w,=0). When «=w, in case (a), or in all other 
cases when movement of producers in or out 
stops, Q will continue to grow as a result of 
learning at the rate 





case, highly skilled producers will never drop the new prod- 
uct. These alternative possibilities will be reflected in dif- 
ferent fmal distributions as exemplified in the next section 
in the text. 
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Figure 4. Final distribution of producers [with g (w, œ) ] 
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until 6g/0H vanishes. [Ò can be expected to 
have discontinuities and Q “kinks” where pro- 
ducers start or stop to exit; and, strictly 
speaking, the integral in equation (10) is cal- 
culated between such discontinuities. ] 
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Unlike other diffusion models proposed [6, 
8], the present one does not yield a logistic time 
pattern. In some cases, however, an S-shaped 
function can be expected. In all, 0 will even- 
tually approach zero as time passes and 
dg/dH—0 for all levels of w. When the process 
starts, P’ will in many cases be comparatively 
low due to shifts in short-run demand asso- 
ciated with the market’s growing familiarity 
with the new product, and Q can be expected 
to grow approximately in proportion to Q 
(particularly so long as #=w,). These two ef- 
fects, at the beginning and the end of the 
process, may be expected to generate an S- 
shaped time pattern of production. 

If production of the new product can be ex- 
pected to taper off asymptotically as experience 
accumulates, this will not be the general rule 
with respect to the number of producers, par- 
ticularly not in cases (a) and (c). Let the num- 
ber of producers be N, 


(11) N = n(a@) — n(u). 
Then 
(12) N = n'(@)a — n' (ujú. 


In cases (a) and (b) in Figure 4 


<a 
ðr 


ðu 


| Poet, mtra Z o|, | 


N is positive since the learning effect is stronger 
than the market effect (see equation 7). But Ñ 
can actually increase as u—wo if n’(w) is high for 
low values of w (this is the assumption in Fig- 
ures 2 and 4), reflecting higher concentration of 
producers in the lower skilled groups. One could 
expect a general sigmoidal form of N in time in 
cases (b) and (d) with entry rates increasing at 
the beginning of the process and then starting 
to decline as the skilled producers exit, not ne- 
cessarily converging asymptotically to zero. 

On theoretical grounds these results are 
inconsistent with the common observations 
that fit nicely logistic time patterns. The reason 
may be in the neglect in the present model of 
the imitation component [6], which is a factor 
that associates the rate of adoption with the 
ratio of the number of potential adopters to 
those who had already adopted. This implies 
that the diffusion process is affected by the in- 
tensity of interactions between these two 
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N 


Figure 5. Possible time pattern of N 


groups.‘ But on practical grounds, this incon- 
sistency should not be exaggerated. With errors 
in observations and in the behavior of producers 
(who make their decisions according to next 
season’s expected prices) the judgment be- 
tween the alternative models is not easy. Ob- 
servations generated by a theoretical time pat- 
tern as in Figure 5 can look rather consistent 
with a logistic function, and in empirical work 
such a function can be the most suitable for 
summarizing the diffusion information. (This is 
the approach followed in the application be- 
low.) 


Remarks 


Profits made by the first adopters of a new 
product can justifiably be regarded as rent to 
innovativeness. Whether the final producers of 
the new product will enjoy higher incomes in 
the long run depends on the cross elasticity of 
demand between the new product and other 
products of the industry, and (relaxing the as- 
sumption of a fixed number of producers) on 
the elasticity of supply of similarly skilled 
producers who may be lured into the industry 
by persistent profits. If these two factors are 
unimportant, introduction of the new product 
will increase profits in the long as well as in the 
short run. (If inputs are not fixed, introduction 
of the new product will alter shadow prices, 
profits in competitive equilibrium will vanish, 
but incomes can be higher than before intro- 
duction of the innovation.) 


1 The crucial assumption in the present model in this re- 
spect is that experience diffuses freely (all firms have the 
same H}. Imitation can be introduced into the model, for 
example, by making learning by nonadopters a function of 
the ratio.of adopters to total number of producers. 
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The boundary between rent to innovative- 
ness and additional income to noninnovating 
latecomers is not clear cut. But, it is worth re- 
emphasizing that the returns to highly skilled 
producers from early adoption are over and 
above what they earn in other lines of produc- 
tion. These returns are transitory; to maintain 
them, skilled producers have to search con- 
tinuously for new ideas and products. 

From the social point of view, rent to in- 
novativeness is a payment for skills (invest- 
ment in schooling and training), for efforts in 
adaptation, and for risk-taking. The last ele- 
ments do not appear explicitly in the model. 
The innovation cycle raises interesting welfare 
issues. (Should optimal level of schooling be a 
policy goal or should it be optimal distribution 
of human capital?) But these are also outside 
the scope of the present paper. 


An Illustration’ 


The model is illustrated with diffusion of an 
innovation in agriculture in Israel. The innova- 
tion is the technique of growing winter vege- 
tables (tomatoes, cucumbers, peppers—which 
had been in limited supply) under plastic 
covers. Protective tunnels constructed from 
long sheets of plastic material supported by - 
wood or metal frames were introduced from 
Japan and first tried in an experimental station 
in the mid-1950’s. By the mid-1960’s the in- 
novation had reached all sectors of the in- 
dustry. Integration of new areas after the 
Arab-Israeli War in June 1967 altered market 
conditions in agriculture in Israel. Therefore, 
the period of study was not extended past 1967. 

Ideally, to test and illustrate the innovation 
cycle model, one would utilize such data as skill 
(schooling) of farmers, size of farm operation, 
labor opportunity cost, and dates of adoption 
and exit. Such data are not available (though 
many are known to have adopted and then 
stopped using the innovation when profits de- 
clined). The data reported are areas planted to 
winter vegetables by sector in the Israeli agri- 
culture for the period 1958/59 to 1966/67. 
These sectors are characterized by distinct 
socioeconomic traits, and the illustration is 
mainly a comparative analysis of the sectorial 
diffusion process. Table 1 presents distributions 


6 For details see [5]. 
$ See [4, 14] for detailed descriptions and additional refer- 
ences. 
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Table 1. Sectorial distribution : schooling, selected product shares, and capital-labor ratios 








ital-labor ` 
ag ot in Kibbuizim 

activity 

1. Median year of schooling 11.0 
(males 14 years and over) 

Capital-labor ratio (IL/day)* 
2. Overalls P 11.9 
Share in product (%) 
3. Total farm product 34.1 
4. Vegetables 2.4 8.7 
5. Winter grains 70.0 73.0 
6. Citrus 4.5 19.0 
7. Dairy kibbuis 21.9 37.4 

moshav 11.9 
8. Covered vegetables 1961/62 17.2 
9. Covered vegetables 1966/67 6.2 


Moshavim 
Private Arab Sector 
Established Young , 
10.1 7.5 7.4 5.2 
6.6 5.9 4.7 3.3 
12.1 27.7 19.3 6.8 
7.5 54.6 20.7 8.5 
1.4 14.1 10.3 1.2 
13.7 22.4 44.1 0.8 
19.1 40.6 2.9 — * 
22.9 27.5 32.4 — 
17.3 41.8 26.0 8.7 








* Capital-labor ratios are ratios of capital outlays in IL (depreciation, machine rentals, maintenance, etc.) to number of 
labor days per unit of production; structures are included but land is not. 

Data are from cost accounts, constructed and used for planning purposes. Where available (dairy, for example) differ- 
ent figures were used for the different sectors in calculating line 2. , 


b Data for lines 2-7 are for 1965. 
° Line 2 
Sources: Line 1: 


tains only to farming operations (the industrial sector in the kibbuts is not included). ` 
State of Israel, Central Bureau of Statistics, The Settlements of Israel, Part VI; Population and Hous- 


ing Census 1961, Publication 28, Table 9. . 


Lines 2-7: Center for 


of schooling, capital-labor ratio, lines of ac- 
tivities, and areas of vegetables under plastic 
covers. The following are a few additional de- 
scriptive remarks. 

A kibbuiz (plural: kibbutsim)" is a communal 
settlement of 200 to 2,000 inhabitants in which 
production and consumption are collective. 
The scale of operation is large, permitting 
members to specialize in a single line of produc- 
tion. Technology is advanced, and schooling 
and capital-labor ratio are the highest in the 
industry (Table 1). 

The other cooperative sector is the moshavim 
(singular: moshav). In the moshkav, farms op- 
erate their private family farms and cooperate 
in marketing and the purchasing of inputs and 
services. Schooling and capital intensity in the 
moshav are lower than in the kibbuts (Table 1), 
scale of operation is much smaller, most farms 
are diversified, and operators manage 3 to 4 
lines of) production (field crops, livestock, 
orchards, etc.). “Established” moshavim were 
founded in the 1920’s and 1930’s before the 
creation of the State of Israel (1948). The 
“young?” moshavim were established after 
1948. Most of their members immigrated to 


1 The sector of moskav shitufi with collective production 
and private consumption was included with the hibbués. 


Agricultural and Settlement Planning, Ministry of Agriculture, Tel Aviv. 
Lines 8-9: Vegetable production and Marketing Board, T 


Aviv. 


Israel in the 1950’s with no prior agricultural 
experience. 

The cooperatives, kibbutsim and moskavim, 
try to adhere to the principle of self-labor to 
avoid exploiting the work of others. Though 
this principle is not followed equally by all, it 
imposes a certain restriction for these settle- 
ments. Private (Jewish) agriculture, on the 
other hand, is based to a large extent on hired 
labor including seasonal employment. This is 
one of the reasons for lower capital-labor ratio 
in this sector than in the moskav. 

The Arab is the only traditional farm sector 
in Israel. Levels of schooling and capital- 
labor ratio are the lowest in the industry (ex- 
tended families contribute low opportunity- 
cost labor). This sector had in the past con- 
centrated on dry farming, and irrigation (nec- 
essary for intensive vegetable production) is 
still not as widespread as in most of the Jewish 
farms. 

Though markets, particularly for land and 
capital, are not perfect, data in Table 1 are 
consistent with basic assumptions of the model. 
Capital-labor ratios are positively correlated 
with schooling, and distribution of farm ac- 
tivities differs from sector to sector in agree- 
ment with sectorial comparative advantages, 
strengthening in this way the conjecture of a 
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rising labor-opportunity-cost with schooling. 
Innovativeness is also in strong agreement 
with the model’s assumption. The kibbutsim 
are by far the most innovative [7]. Young 
moshavim, being less experienced and schooled, 
are less innovative than the established ones. 
The private sector has a more diversified rec- 
ord in this respect, with some farmers very 
progressive and others far behind. The tradi- 
tional Arab sector is generally the last to follow. 

Early stages of adoption of plastic covers 
were also in line with these general patterns. 
The innovation was first picked up by several 
entrepreneurial private farmers who were close 
to the university and the experimental station 
and by a few kibbutsim. Early stages were char- 
acterized by experimentation, learning (the 
right kind of plastic material, optimal timing of 
treatments, appropriate soils, etc.), and by 
more than a few disappointments. Perhaps 
typical of the kind of activities that form the 
industry’s learning process at the different skill 
levels are: a kibbutz that operated a factory for 
plastic products developed and tested sheeting 
for covers and a tractor-mounted implement to 
construct the protective tunnels mechanically; 
and a great majority of hired laborers in the 
private sector were Arab villagers who on their 
jobs had the opportunity to learn by doing, 
and thus could bring the innovation back to 
their own farms. 

If sectors were homogeneous with no intra- 
sectorial differences in skills and other initial 
endowments, then, by the model all farms in a 
sector will adapt simultaneously at the same 
time. But the sectors, though markedly dis- 
tinct, are not homogeneous—some kibbutsi 
have comparatively low labor opportunity 
costs, for example. Also, with experience, pro- 
ducers specialized and increased the volume of 
production-—a possibility abstracted from the 
model. Therefore, in terms of the data, the 
innovation cycle is manifested as shifts in rela- 
tive sectorial shares of production. 

By 1961/62, moshavim, established and 
young, planted half the covered winter vege- 
tables (Table 1, line 8). By 1966/67 the share of 
the kibbutzim had declined substantially, and 
the shares of the young moshavim and the Arab 
sectors had increased to a level larger than the 
shares of these sectors in total farm product. 
(The corresponding shares for the last two sec- 
tors for 1970/71 were 46.3 and 25.6 percent, 
respectively.) Similar findings are reported in 
Table 2 which gives estimates of the logistic 
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Table 2. Estimated values of the sigmoidal 


function 
y= aa. 
= 
1+be 
Ł 
k b a — sm 
1+ 
Kibbutsim 571 15 .588 35.8 «983 
Moshavim: Young 3,633 233 1.257 15.5 .990 
Moskari: Total 6,233 99 979 62.3 994 
ivate 1,935 132 -585 14.6 .978 
Arab sector 852 464,580 3.850 0 974 
Tomatoes 5,196 202 -998 25.7 -993 
3,257 64 1.153 49.8 988 
Peppers L837 3,654 2.077 '5 1979 
a Data are annual o eer vation [area planted, in dunam (70-4 hectare)] 
which data were 


1961/62-1966/67, except for cucumbers and pep; for 
available starting with 1958/59 season. y ieee ins t; k, a, b param- 
eters; and *R? correlation ain : the ted and observed 
z values, Estimated by the method suggested by Tintner [11, pp. 208~ 
the equation for the established moskavim did not have a real value 
solation; the estimates for the pooled data of the total area in the moskay 
sector ere reported, 


function parameters (graphical examination 
confirmed the logistic time pattern of the dif- 
fusion process [5]). The intercept [the param- 
eter k/(1+b)] is zero for the Arab sector and 
low for the young moshavim. The table also re- 
veals a higher rate of adoption (the parameter 
a) for the latecomers—the Arabs, the private 
growers, and the young moshavim—a faster re- 
arrangement in positions of static comparative 
advantages than rates of early (experimental) 
adoptions. One explanation for this (suggested 
by Welch) is that the variance of skills distribu- 
tion is lower in these sectors, causing a speed-up 
of the diffusion in the lower skilled groups 
[consistent with the form of n(w) in Figure 2]. 

The diffusion process is completed when the 
market is in long-run equilibrium. In addition 
to estimates of the sigmoidal equation reported 
in Table 2, the same function was estimated 
from the same data set imposing projected 
equilibrium & values, explicitly recognizing in 
this way the equilibrating properties of the 
process. 

The basic approach was simple. It was as- 
sumed that long-run supply curves of winter 


vegetables were horizontal. Costs of production 


were accordingly estimated for each crop from 
technical data employing market wage rates.® 
Demand functions were estimated for the 
marketing season of plastic-covered crops. 
Equilibrium quantities were then calculated for 
each crop. Limited amounts of winter vege- 


8 We assume that the 1968 data used already incorpo- 
tated g(w, ©) and that production would be concentrated in 
the hands of producers whose w equals the market Jabor 
wage rate. 
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Table 3. Equilibrium estimates of the diffu- 
sion equation* 
Tomatoes Cucumbers Peppers 
Projected Equilibrium 
Y 
Total product (tons) 16,652 5, 368 3,122 
Area (dunams) 3,965 3,158 388 
Regressions: 
No. of observations 5 8 7 
a .878 ~ 913 1.131 
(7.752) (8.299) (26.782) 
b 79.2 207.5 455.0 
(12.275) (9.620) (44. 203) 
*Rio .960 -912 949 


2 Data are the same as in Table 2. The equation 
k 
1+ bast 
was estimated in the form log (k/y— 1) =log b—at+-m. 
b Values in parenthesis are # values. 


o * R2 ig the correlation coefficient between the calculated 
and observed y values. 


ym 


tables were obtained from unprotected fields in 


the warm inner valleys of the country, and- 


these quantities were deducted from the 
equilibrium supply of plastic-covered vege- 
tables. Dividing by average yield, equilibrium 
areas were projected. These areas are reported 
in Table 3 together with the estimated pa- 
rameters. 

The projected market equilibrium areas 
(Table 3) were lower than those obtained from 
the estimates (the parameter k in Table 2). 
This should be expected when individual 
growers do not perceive the market mechanism 
and underestimate the coming reduction in in- 
come. Rates of expansion are also consistently 
lower in Table 3. Unfortunately, this study 
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could not be extended to allow detailed anal- 
ysis of industry’s approach to equilibrium. The 
early stages observed suggest a process of con- 
vergence, perhaps of the cobweb type, to- 
gether with a shift of the distribution of the 
growers. 


Conclusion 


The example in the previous section illus- 
trates that despite its simplifying assumptions, 
the model is capable of illuminating the eco- 
nomics of the adoption process. The process 
proceeded, according to comparative advan- 
tage positions, from skilled-intensive to labor- 
intensive producers. Several other innovation 
diffusion cases in Israel proceeded in a similar 
pattern (sheep raising, cut flowers, sugar 
beets). Needless to say, in many other diffusion 
cases alternative specifications will be more 
appropriate than the ones adopted here. For 
example, the effect of knowledge on produc- 
tivity need not be Hicks-neutral; knowledge 
may be more important with one input than 
with others, and this aspect can be crucial in 
explaining diffusion of capital-intensive in- 
novations. Or, in an industry with a small 
number of big firms that try to maintain sec- 
recy, adoption of a new idea by a firm will de- 
pend more on the firm’s own investment in 
R&D than on the industry’s experience. The 
innovation cycle resembles in many aspects the 
product cycle in international trade, but for a 
model to give full account of the product cycle 
it should contain elements of import, export, 
national income levels, and similar relevant 
variables. It seems, however, that the present 
model can serve, with appropriate modifica- 
tions, as the basic structure for other variants 
of the theory. 
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Short Articles and Notes 


Combining Income and Wealth: An Analysis of Farm Family 
“Well-Being”* 


THOMAS À. N AND Epwarp I. REINSEL 


Personal distribution of well-being of farm families relative to all U. S. families is substantially 
improved when wealth is considered along with money income. The “live poor and die rich” 
paradox facing older farm families could often be overcome by providing an easier means 


whereby they could use up equity in family living. 


been aware of persistent low money in- 

comes in the farm sector. As late as 1970, 
36 percent of the 2.4 million farm families! in 
the United States had monéy incomes of less 
than $5,000, twice the percentage for nonfarm 
families [8]. Part of the problem, many econo- 
mists argue, is that farm families maintain and 
expand the farm production unit by saving a 
greater proportion of income than nonfarm 
families. This theme is echoed in the paradox, 
“farmers live poor and die rich.” 

Why should we be concerned with wealth? 
Because economic well-being is affected by 
wealth. Two individuals with low money in- 
comes, one with substantial wealth, the other 

having little, would be economically dissimilar. 
Yet, in most income statistics, the two would 
be lumped together. 

Farm families often hold large quantities of 
wealth. The average net worth of farm families 
in the United States in 1962 was about twice 
that of all U. S. families and unrelated indi- 
viduals.? In addition, the relationship of net 
worth to income is different for farm families 
than for all families. Although the level of net 
worth increases with income, the ratio of net 
worth to income decreases for farm families as 


| eres and policymakers have long 





* Appreciation is expressed to Walter Pike and Mary 
Darhanian for their help in developing the data. Views ex- 
pressed are the authors’ and do not necessarily represent 
those of the U. S. Department of Agriculture. 

1 Excludes 0.4 million unrelated individuals living on 
farms. 

2 The average net worth of all U, S. families and unre- 
lated individuals in 1962 was $20,980 [4]. For comparison, 
an index of proprietors’ equities in agriculture [6] was de- 
veloped to deflate the average net worth of all U. S. farm 
families based on information from the 1966 Pesticide and 
General Farm Survey to 1962 levels. The resulting net 
worth for all U. S, farm families was $40,110. 
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tural economists with the Farm Production Economics Di- 
vision, Economic. Research Service, USDA, Washingion, 
D.C. 


38 


incomes increase from $2,500 t to $15,000 (Table 
1). Weisbrod and Hansen [11, p. 1321] reported 
an increase in the ratio for similar income levels 
for all consumer units. 

How would wealth considerations affect the 
farm poverty picture? Older farm families ac- 
centuate the high net worth-income ratio for 
those with incomes of less than $2,500 (Table 
2). Sixty percent of farm families headed by a 
person 65 or older had incomes of less than 
$2,500, and they account for 31 percent of all 
farm families with such low incomes. If a mech- 
anism could be developed to convert wealth 
into an annual cash flow, older farm families 
might consume their assets and improve their 
level of living. 

The problem of tying income and wealth 
together is not new in economics. Because in- 
come is a flow concept while wealth is a stock, 
addition is not appropriate. Weisbrod and Han- 
sen [11] suggested converting wealth into a flow 
and adding it to income to obtain an improved 
measure of well-being. In the following, well- 
being will include both income and. wealth con- 
sideration. Using the Weisbrod-Hansen model, 
current net worth (the measure of wealth used 
in this study) is converted into an annuity to 


. yield a lifetime flow. The annuity is then added 


to current income. Weisbrod and Hansen sum- 
marized their model as follows: 
Y= Y, + NWA 


where Y;* is the measure of well-being in time 
period ?, Y, is current income, NW fis current 


- net worth, A,? is the factor which converts $1.00 


to an # year annuity at a given rate of interest 
r, and # is the life expectancy of the family be- 
yond time period ¢. 

In this article the Weisbrod-Hansen model is 
applied to the farm sector to determine the 
effect of wealth on the distribution of Y*. The 


f 
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Table 1. 
by income, 1966* 
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Farm FAMILY “WELL-BEING” 


Average income, average net worth, and net worth-income ratio for farm families 





Ratio of net worth 














Income Number of families Average total income Average net worth to income 
ween Thousands --—-- wee + ---- Dollars —----—----+----- +--+ -- 
Less than $2,500 1,001 1,030 29,990 29.14 
$2,500 to $4,999 806 3,650 39,010 10.70 
$5,000 to $9,999 962 6,920 47 ,460 6.87 
$10,000 to $14,999 263 11,820 63,790 5.40 
$15,000 to $24,999 84 18,140 136,910 7.55 
$25,000 or more 33 437290 346,340 8.00 
All families 3,149 5,300 46,630 8.80 


* Based on tabulations from the 1966 Pesticide and General Farm Survey. 


latest readily available data containing com- 
plete income and wealth information was the 
1966 Pesticide and General Farm Survey. Al- 
though newer data would have been preferred, 
the authors feel the results are still valid. 


Assumptions 

Several assumptions were made about the 
farm sector in addition to those of the above 
model. 

The model requires knowledge about the exis- 
tence of the family beyond time period #. Each 
observation was assumed to represent a family 
with both husband and wife present. The re- 
maining life of the family, the value for » in the 
model, was based on the life expectancy of the 
wife who was assumed to be two years younger 
than her spouse [10]. 

Income reported in the pesticides survey re- 
flects returns from all resources including equity 
capital. To avoid double counting, returns to 
equity capital were estimated and excluded 
from current income before applying the model. 
A precise calculation of :the contribution of 
capital to current income; particularly for the 
farm, was virtually impossible. To estimate such 
returns, a flat amount of $15,000 was deducted 





from net worth to cover unproductive and un- 
measured resources on the farm (e.g., house, 
etc.). A 4 percent return to capital was assumed 
and applied to “productive” net worth. 

An annuity interest rate of 6 percent was 
used. The results are sensitive to both the inter- 
est rate used in calculating the annuity and the 
rate of return to equity capital. Several com- 
binations of the two are being analyzed in the 
overall study. 

After the data were edited for missing infor- 

‘mation, 5,649 observations were retained for 
analysis. A weighting scheme was.devised which 
expanded the sample to 1964 Census of Agricul- 
ture estimates of farm numbers. All farms were 
assumed to be operated as a sole proprietorship 
family farm; thus, each observation represented 
a family. Sole proprietors accounted for 96 per- 
cent of the farm tax returns filed in 1966 [9]. 
Although some of the observations may not 
represent families, it was assumed that such ob- 
servations would not greatly alter the results. 


Definition of Terms 


The analysis is concerned with the well-being 
of farm families. Thus, income as used in this 
study includes that from both farm and non- 


Table 2. Average income, average net worth, and net worth-income ratio for farm families 











by age, 1966* 
Age of family head Number of families Average totalincome Average net worth Ratio ot niet wort 
>am Thousands ----- aaaea aa Dollars aai - 
Less than 35 years 335 5,960 31,500 5.28 
35 to 54 years 1,493 6,300 48,280 7.67 
55 to 64 years 807 4,510 46,930 10.40 
65 years and over 514 3,210 51,250 15.98 
All families 3,149 5,300 46,630 8.80 








* Based on tabulations from the 1966 Pesticide and General Farm Survey. 
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farm sources. Nonfarm income includes wages 
and salaries, rental income, interest, dividends, 
retirement pensions, social security, and other 
transfer payments. Farm families receive much 
of their total income from nonfarm sources. 
Farming was the major source of income for 
only 1.2 million persons among 3 million report- 
ing some farm earnings for tax purposes in 1966 
[5, p. 6]. In a similar manner, both farm and 
nonfarm assets and liabilities were used in deriv- 
ing net worth. 


Results 


Distribution of well-being among farm fami- 
lies, Y*, became more equal with the incorpora- 
tion of wealth for the United States and for 
each farm production region used by the Eco- 
nomic Research Service (Table 3 and Fig. 1). 
The Y* distribution lies to the right of the Y; 
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distribution (Fig. 2). In 1966, 58 percent of 
U. S. farm families had money incomes of 
less than $5,000. When wealth was included 
in the measure of well-being, the proportion 
with less than $5,000 was reduced to 39 percent. 
The same general result was apparent for each 
region when the Gini ratios were compared. The 
Mountain and Pacific regions were least affected 
by incorporating wealth because of the large 
number of sample farm families incurring losses 
in 1966. 

The dynamic aspects of including wealth in 
Y* are covered up in Table 3. Families with in- 
comes of under $2,500 accounted for 32 percent 
of all farm families whose incomes were ana- 
lyzed. When wealth was considered along with 
income, 45 percent of the under $2,500 group 
moved to the $2,500—$4,999 class (Table 4). In 
addition, about 8 percent moved to the $5,000- 


Table 3. Distribution of income and well-being of farm families for the United States and 
by region, 1966* 











i Families with— ha 
Item “families  Lessthan $2,500- $5,000- $10,000- $15,000- $25,000 Mean Median ratio 
$2,500 $4,999 $9,999 $14,999 $24,999 or moro z 
Thousands Percent Dollars mn 
United States 
Tncome 3,149 32 26 30 8 1 5,300 4,200 475 
‘Well-being 3,149 15 24 39 14 6 2 7,600 6,100 414 
N. 
Income 227 26 17 38 15 2 2 6,700 5,900 .436 
Well-being 227 6 22 41 21 7 3 8,800 T; 349 
Appelachian 
Income 529 44 25 24 5 1 1 4,100 3,000 469 
Well-being 529 24 31 32 9 3 1 5,700 0 „4l 
t 
Southeast 
Income 273 54 19 21 4 2 b 3,600 2,300 553 
Well-being 273 37 25 4 9 4 1 5,300 3,700 499 
Delta 
Income 252 45 22 25 5 2 1 4,500 3,100 524 
‘Well-being 252 27 28 28 11 4 2 6,300 4,400 470 
Corn Belt 
Income 661 21 29 36 10 3 1 5,900 5,000 395 
Well-being 661 ó 22 47 17 6 2 8,300 7,100 331 
Lake States 
343 29 32 31 7 1 b 4,700 4,000 398 
Well-being 343 11 29 45 10 4 1 6,600 5,700 320 
A Northern Plains 
o 271 27 32 33 b 5,000 4,200 410 
Well-being 271 10 25 42 16 6 1 7,700 6,500 349 
Southern Plains 
293 26 23 31 it 7 6,900 5,200 467 
Well-being 293 7 19 40 18 11 5 10,000 7,700 406 
Mounicin 
Income 134 49 35 11 3 2 6,500 5,000 595 
Well-being 134. 30 37 20 10 3 11,500 6,300 
Pacifc 
Income, 166 41 36 15 6 2 6,800 6,100 .516 
Well-being 166 18 : 48 20 10 4 9,800 8,300 .412 
å Farm Production R ; Northeast —Me., N- H, Vt, q Mase., Conn, N. ¥., N. pe D Del. Md.; ár ian—Va., W. Va., N. C., Ky., 
‘Tenn.; Soutkeast—S. C. ; Ddio—Miss., aro 5 Bel Oho, tad 0.5 tates—Mich., Wis., Minn.; Northern 
Plains—N. D., S. D., Nebr.. ee Soxthers Pain Ohla. Tex; Mounicin—Mont., pene We Colon R ET Aris., Utah, Nev.; Pacifc—Waah.,. 
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Figure 1. Lorenz curve for income and well-being, 


United States farm families, 1966 


$9,999 class and 2 percent moved into classes 
with $10,000 or more. Thus, only 45 percent of 
families with less than $2,500 before including 
wealth remained at that level afterwards. Of 
those beginning with $2,500-$4,999, 57 percent 
moved up one class as a result of considering 
wealth and 39 percent remained in the class. 
Therefore, 59 percent of families in the $2,500- 
$4,999 class when wealth was included were 
originally in the less than $2,500 class. Many 
low-income farm families would seem to be sub- 
stantially better off if wealth could be con- 
sidered, 

The results of this study appear to run con- 
trary to those of Weisbrod and Hansen for all 
families in the United States. They concluded 
that the distribution of well-being became less 
equal with addition of net worth [11, pp. 1320- 
21]. This difference is due to the net worth-in- 
come ratio decreasing as income increased for 
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Figure 2. Distribution of income and well-being, 
United States farm families, 1966 


farm families because older farm operators oftén 
have low current incomes but relatively large 
net worths. 

Historically, farm families have had lower 
money incomes and their incomes have been 
less equally distributed than those of nonfarm 
families [1]. Although the degree of overlap be- 
tween the farm and nonfarm distribution of 
money incomes, as measured by the index of 
integration, increased from 0.64 in 1960 to 0.75 
in 1966, there still was a sizable “income gap.” 
However, when wealth was considered along 
with money income, differences in well-being 
between the two sectors were not as great as 
direct money income comparisons might sug- 
gest (Fig. 3 and Table 5) [7, 11]. Although com- 
parison of cross-sectional findings from different 
years may appear questionable, there is some 
evidence that distribution of net worth for the 
population as a whole has remained fairly stable, 
at least between 1953 and 1962 [2]. 


Table 4. Transition matrix for farm families as a result of incorporating wealth into the 


distribution of Y* 











Well-being size classes 
Income size Starting 
classes State Less than $2,500- $5,000- $10,000- $15,000- $25,000 
$2,500 $4,999 $9,999 $14,999 $24,999 or more 
Thousands = ----~----~---~-~--~------------ Thousands ----------~-~~~----------------- 
Less than $2,500 1,001 460 448 75 12 6 
: 999 806 314 463 25 2 2 
$5 ,000-$9 ,, 999 962 685 246 26 5 
$10 ,000-$14, 999 263 172 89 3 
$15, 000-$24,999 84 63 21 
$25,000 or more 33 33 
Total 3,149 460 762 1,223 454 186 64 
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Figure 3. Distribution of money income and well- 
being of all families and farm families for 
the United States : 


Providing a Means for Asset Consumption 
for Older Farm Real Estate Owners 


Several alternatives are available to older 
farm families for liquidating their farm real 
_ estate assets for use as retirement income. Lee 

and Brake [3], for example, suggest ways in 
which older farm families could alter their port- 
folios to increase current income. Some of the 
Lee-Brake proposals would require manage- 
ment of nonfarm securities, others would not. 
` However, many older low-income farm people 


own real estate which they cannot sell without 


losing their home and a major source of income.‘ 
Aside from psychological effects, the cost of re- 
placing home property plus transfer costs could 
often use up much of the net from a sale. 

A completely voluntary program could be es- 
tablished which would allow older farm people 
to consume their equity over time while still 


_ Unpublished data available from Allen G. Smith, Farm 
Production Economics Division, ERS, USDA, indicate that 
equity in farm real estate constituted 56 to 78 percent of 
total net worth of farm operators 65 and over in 1966. 
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Table 5. Comparison of the distribution of 
well-being for all families in 1962 
reported by Weisbrod and Hansen 
and that of farm families in 1966, 4 
percent annuity 





‘Income size classes All families Farm families> 
wenn anne Percent -----------— 

Less than $3,000 18 23 

$3,000 to $4,999 17 21 

$5,000 to $9,999 42 38 

$10,000 to $14,999 15 13 

$15,000 to $24,999 6 4 

$25,000 and over 2 1 

Gini ratio 0.42 0.41 

Index of integration 0.91 





a Weisbrod and Hansen [11]. 
b Pesticides Survey. 


retaining the other benefits of property.® As en- 
visioned, the program would in no way substi- 
tute for or affect social security payments. The 
program could provide a valuable income sup- 
plement, reduce welfare costs, and leave older 
people with the feeling that they were paying 
their own way. 

The individual or couple would agree to allow 
an agency’ to record a lien against the equity in 
their property in exchange for entitlement to 
future payments. The agency could provide a 
monthly payment for life and allow older low- 
income people to retain a life estate in their 
property. Current income from producing crops 
and livestock or renting land and buildings 
could continue to go to those benefiting from 
the program. Payment would continue until 
the participants were deceased; at death the 
property would be sold with the agency having 
first rights. Any residual value not already paid 
to participants or used to pay interest would go 
to heirs. No statement of need would be re- 
quired. ‘i 

The amount of the monthly payment would 
be influenced by the expected life of the indi- 
vidual or couple, value of equity in real estate 
holdings, and the interest rate charged by the 
agency. Lower interest rates would substan- 
tially increase monthly payments. For example, 


* Many older nonfarm families own valuable residential 
property yet have low money incomes. Although the follow- 
ing program is geared to farm families, the concept could 
also apply to older nonfarm familes. 

6 The agency would most likely be government-sponsored 
because there is little incentive for a private lending institu- 


tion to engage in such a program. 
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the basic monthly payment is increased from 
$3.44 per $1,000 of real estate value at a 6 per- 
cent interest rate to $4.41 per $1,000 of real 
estate value at 3 percent, assuming a 15-year 
life expectancy. 

Real estate taxes and property insurance 
could be paid as a deduction from the basic 
monthly payment. This would assure that these 
ownership costs were paid and would follow the 
practice of many lenders who pay such expenses 
in the name of their mortgagees. No capital im- 
provement would be made by the agency. 
Property improvements made by participants 
could increase the value of the residual going to 
heirs. Sale of real property or mineral rights or 
any other action affecting property value would 
be prohibited without permission from the 
agency. 

Basic advantages of such a program, in addi- 
tion to those cited above, include avoiding 
capital gains tax, brokerage fees, and other sell- 
ing costs associated with asset liquidation. The 
program could also allow older people to benefit 
from future appreciation of real estate, a unique 
feature not usually available in options such as 
the conventional land sales contract. The pro- 
gram could allow for periodic revaluing of 
property (possibly every three to five years). If 
the property value increased substantially, the 
monthly payment could be recomputed based 
on remaining net value of the real estate and the 
person or couple’s expected life at that time. 

A question arises on how to continue pay- 
ments to those who live longer than expected, 
thus receiving more than the value of their 
property. One possibility would be to subsidize 


those living well beyond their expected years. - 


In essence, the family would consume its assets 
before receiving ‘“‘welfare” benefits. Another 
possibility would be to reduce actual payments 
below computed payments by a given percent- 
age. For example, a couple with a basic annuity 
of $86 per month might receive $77.40. This 10 
percent reduction would help assure that some 
property value would remain at the end of the 
expected life of the payee. It would also min- 
imize overpayment in the event that property 
value declined. A third possibility would be for 
the agency to retain part of any residual re- 
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maining at the end of the life of those dying 
earlier than expected. Such a provision would 
benefit older people but would reduce residuals 
going to heirs. 

The program would affect only individuals 
with real estate assets. But low-income farm 
people often have large assets. The program 
would not lessen the well-being of those without 
real assets or the general public, unless the pro- 
gram was subsidized from general tax funds. 
Allowing consumption of assets before actually 
subsidizing those living beyond their expected 
life may be more equitable from society’s view- 
point. Heirs of those benefiting from the pro- 
gram would inherit less, but many would prob- 
ably prefer that older relatives use their assets 
in current living. The program would benefit 
potential heirs by reducing the need for remit- 
tances to relatives with inadequate incomes. 


Summary 

Wealth is important when discussing the eco- 
nomic well-being of farm families. The average 
net worth of farm families is nearly twice that 
for all families in the U. S. When both income 
and net worth were included in a measure of 
well-being for farm families, the average level 
increased and the distribution appeared to be 
more equal than with simple income compari- 
sons. Also, the disparity in well-being between 
the farm and nonfarm sectors was less pro- 
nounced. 

The Weisbrod-Hansen study of all U. S. 
families shows the distribution of well-being to 
be less equally distributed when wealth is in- 
cluded. In this study, net worth-income ratios 
decreased as farm family income increased. 
Thus, the distribution of well-being was less 
concentrated for farm families when wealth was 
considered. Also, older farm operators generally 
have low current incomes but some have rela- 
tively large net worths. It may be especially 
important to consider the wealth position of 
older people in measuring their well-being. The 
tendency to “live poor and die rich” could be 
lessened by making it more convenient for 
older farm families to transfer wealth into cash 
flow. 
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Optimal School District Size Emphasizing Rural Areas* 


Frep Warts AND LUTHER TWEETEN 


Cost of providing elementary and secondary education is estimated for rural areas of Oklahoma. 
Unit cost curves are derived for instruction, administration, plant operation and maintenance, 
buildings, equipment, and transportation. Optimal school district size, derived by combining 
these unit cost curves, varied by educational program and student density. 


of rural youth whether as adults they 

remain in the community or migrate. In 
rural areas the high dependency rates, low in- 
comes, and reliance on local financial support 
for common schools coupled with the need to 
improve schooling quality create pressures to 
raise schooling efficiency. Larger school dis- 
tricts offer substantial economies through big- 


A DEQUATE schooling is vital to the well-being 


ger classes and spreading overhead costs of spe- ` 


cialized equipment, administration, and other 
items over more students. But larger school dis- 
tricts also entail diseconomies particularly from 
increasing transportation costs per student. 
Trade-offs between internal schooling econo- 
mies and transportation diseconomies determine 
the shape of the long-run average cost curve and 
hence determine the optimal school district size. 

Previous research on school district size has 
focused on per-unit costs associated with school 
districts of different sizes. Wright and Pine [11] 
analyzed factors affecting per-pupil costs for 
rural high school districts in central Kansas. 
Measures of schooling quality were not included 
even though they were considered important. 
Schoo] district size accounted for most of the 
variation in per-pupil operating costs. Signifi- 
cant cost reductions could have been achieved 
by enlarging the district size. 

Although several other researchers including 
Hirsch [4], Schmandt and Stephens [9], Miner 
[6], and Hanson [3] have examined economies 
of size in public education, their work has not 
been directly applicable to rural areas. These 
studies have emphasized heavily populated 
urban areas. For example, Hanson reported 
that in general, economies of size accrued to 
about 50,000 pupils in average daily attendance 
[3, p. 91]. Such results are obviously misleading 
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for rural areas, However, these studies did pro- 
vide useful methodology for subsequent analy- 
ses. For example, Schmandt and Stephens [9] 
thought expenditures were closely related to 
schooling quality, as measured by educational 
activities. They reported that school district 
operations exhibited economies of size in pro-. 
viding a given quality of education, but larger 
per capita expenditures were usually associated 
with larger populations. 

Additional studies on economies of size in 
education have refined measures of schooling 
quality. Riew [8] utilized data on individual 
public high schools in Wisconsin. Variations in 
educational programs and qualities among 
schools were reduced by considering only ac- 
credited schools with typical teacher salaries. 
An increase in enrollment with other variables 
held constant decreased average per-pupil 
operating expenditures until enrollment reached 
1,675 pupils in average daily attendance (A DA). 
Cohn [1] evaluated the per-pupil cost function 
for Iowa high school districts. Incremental test 
scores were used as a proxy for educational 
quality. Per-pupil costs indicated the existence 
of significant economies of size for Iowa high 
schools to 1,500 pupils in ADA. Using average 
achievement test scores as a quality variable, 
Osburn [7, p. 115] reported that most econo- 
mies in Missouri high school districts were 
achieved with 1,500 pupils in ADA. These 
studies gave no consideration to student den- 
sity which could affect optimal school district 
size. 

Past studies have largely concentrated on 
estimating long-run average cost curves for 
education (instruction, administration, plant 
operation and maintenance, buildings, and 
equipment) similar to the hypothetical average 
cost curve for education shown in Figure 1. In 
many empirical cases, this curve exhibited both 
economies and diseconomies of size. However, 
diseconomies resulting from inefficient internal 
operations are not likely to be very important in 
elementary and secondary education in rural 
areas. Major diseconomies accrue from trans- 
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portation costs which are particularly promi- 
nent in sparsely populated areas. Average cost 
of transportation for a given population density 
is also shown in Figure 1. These two curves can 
be combined to derive the average cost curve 


relevant for determining how large the school: 


district should be. The optimal size of school 
district is defined as that which has minimum 
long-run average costs with resources combined 
in a least-cost manner. 

By ignoring transportation costs, past studies 
have provided misleading guidelines for optimal 
school district size, especially for rural areas. 
This study, which shows long-run average costs 
for a given quality of elementary and secondary 
schooling for various student densities, provides 
methodology and empirical estimates to guide 
school district consolidation. Quality measures 
used in this study are average eleventh grade 
composite achievement scores and the number 
and type of credit units offered. The data are for 
Oklahoma, but the structure of schooling is 
similar in other states. Thus, with some modi- 
fications the results could be applied more 
generally. 


Data 
Data used in this study were collected by 


Average Daily Attendance (ADA) 


Average cost (AC) of education and transportation per ADA 


Oklahoma’s State Department of Education. 
The state-wide survey measured school pro- 
grams, student backgrounds, and student at- 
tainment. In a stratified sample, the population 
of school districts in Oklahoma was divided into 
subpopulations according to geographic loca- 
tion and size of school] district. The sample was 
designed to be proportional, sampling 5 percent 
of the districts in each stratum, and was drawn 
independently and randomly in each stratum. 
The survey conducted in March 1970 involved 
1,903 eleventh graders. Complete data were ac- 
quired from 27 independent Oklahoma school 
districts. Since there were several school sites in 
many districts, the number of school sites was 
well above 27. Stratification insured that every 
geographic region in the state and district size 
class was represented in the sample. 

After the schools were randomly drawn, stu- 
dents in the eleventh grade of the high schools 
completed standardized achievement tests. In 
addition, data were acquired from school ad- 
ministrators concerning finances, program, or- 
ganization, facilities, equipment, teacher quali- 
fications, and community characteristics. Al- 
though observations were made at the indi- 
vidual student level, the school district is the 
unit of analysis in this report. The following 
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sections show how these data were combined to 
develop the various cost relationships which 
were required to determine optimal school dis- 
trict size. 


Instruction 


The major component of educational costs is 
instruction, those activities dealing directly 
with the teaching of students. Instructional ex- 
penses include the salaries of teachers, princi- 
pals, and guidance personnel. These costs also 
include salaries of secretarial and clerical assis- 
tants and expenditures for textbooks, school 
libraries, audiovisual material, and teaching 
supplies. 

Instructional costs vary because of differences 
in the quality of program offerings. To make a 
valid comparison of costs among schools of dif- 
ferent sizes, the program quality must be held 
constant. For this analysis the high school 
course offerings were standardized according to 
number and type of vocational and nonvoca- 
tional courses offered. 

Three high school curriculums were consid- 
ered in the analysis. The first program (typical 
for many small rural high schools) included 38 
academic units—the “minimum” for accredita- 


tion. However, this program does not meet the ` 


needs of all students. The second program was 
designed to be “adequate” for even vocation- 
oriented students. This program, containing 30 
academic units and 8 vocational units, was de- 
veloped from courses offered by accredited dis- 
tricts which provided both academic and voca- 
tional courses. The third program, a more ex- 
tensive or “desirable” program of 38 academic 
units and 8 vocational units, offered the same 
courses as the other two programs combined. 

The number of high school teachers was cal- 
culated from the number of classes required to 
meet the specified program. The number of ele- 
mentary and junior high teachers was based on 
ADA and a student-teacher ratio of 27-1, the 
state average. Cost calculations were based on 
the assumption that two courses can be com- 
bined in a single classroom under one teacher 
until the number of students in combined 
courses exceeds the maximum class size. Salaries 
were state averages: $7,137 for high school 
teachers and $6,834 for elementary and junior 
high teachers. 

Costs of principals, guidance counselors, and 
secretaries were based on average salaries and 
adequate personnel-to-A.DA ratios. The aver- 
age full-time equivalent principal-to-A DA ratio 
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was 3:1000. Adequate full-time equivalent 
guidance counselors and secretarial personnel- 
to-ADA ratios were 4:1000 and 3:1000, re- 
spectively. Average salaries for principals, guid- 
ance counselors, and secretaries were $9,028, 
$8,657, and $4,000, respectively. Average in- 
structional cost curves for elementary and sec- 
ondary education are shown in Figure 2. 


Attendant Costs 


Attendant costs can be broken down into a 
fixed component, embodied in plant and equip- 
ment, and a variable component termed over- 
head. Major overhead costs include administra- 
tion and plant operation and maintenance. Ad- 
ministration consists of those activities which 
regulate and control the affairs of the school 
district. Plant operation and maintenance in- 
clude all current expenditures for keeping the 
grounds, buildings, and equipment in good con- 
dition. 


Overhead 


Long-run average cost curves for overhead 
were estimated using data from the 27 sampled 
school districts in regression analysis. Overhead 
costs per pupil varied by class size, school dis- 
trict size, and quality of the educational pro- 
gram. Class size and school district size were 
represented by pupil-teacher ratio and average 
daily attendarice (ADA), respectively. Exami- 
nation of the data revealed overhead costs de- 
clined rapidly with initial increases in A DA and 
the pupil-teacher ratio. After achieving these 
substantial economies in size, administrative 
costs remained relatively-constant over a large 
range of ADA, but plant operation and main- 
tenance costs exhibited slight diseconomies 
when ADA was very large. Forms of the vari- 
ables which best reflected these relationships 
were (1) pupil-teacher ratio and pupil-teacher 
ratio squared to represent cost economies ac- 
cruing from increases in class size, (2) inverse 
of ADA to represent cost economies accruing 
from increases in school district size, and (3) 
ADA to represent diseconomies accruing from 
increases in school district size. Since differences 
in per pupil costs may reflect differences in pro- 
gram quality, the average achievement score 
was included in the cost function to represent a 
quality indicator variable. 

The regression results are shown in equations 
(1) and (2). Standard errors are shown in paren- 
theses below the regression coefficients. The 
computed ivalues indicate that the regression 
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coefficients are all significant at least at the .10 
level. 


(1) AD = 311.743 + 528 ACH 
(312) 


— 26.391 PTR + 513 (ETRE 


(4.730) (097) 
+ 6.694 (1/4 DA) 
(2.679) 
R? = 937 


(2) POM = 133.101 + 1.612 ACH 
(.380) 


— 16.516 PTR + .298 (PTR)? 


(8.591) (.179) 
+ 338 ADA + 12. 839 (1/ADA) 
` (.193) (3.617) 
R? = 852 


where: 


AD is average cost per ADA of administra- 
tion; 
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POM is average cost per ADA of plant opera- 
tion and maintenance; 

ACH is average eleventh-grade composite 
achievement score; 

PTR is pupil-teacher ratio; and 

ADA is average daily attendance in 1,000 
units. 


The long-run overhead-cost curve for a given 
level of achievement is derived. by finding the 
minimum cost with respect to the pupil-teacher 
ratio for each level of A DA. Under actual condi- 
tions, a school district may operate on a short- 
run cost curve above the level that is achieved 
under a full, long-run adjustment. The short- 
run curves are based on a given size plant. These 
short-run curves show that average administra- 
tive costs per ADA can be high with too many 
teachers and that average plant operation and 
maintenance costs per ADA can be high with 


_too many classrooms in operation. 


Facilities 

Educational facilities consist of school build- 
ings and equipment. Construction costs for 
buildings include expenditures for general con- 
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Table 1. Fixed and variable cost of operating school buses, by size of bus 
PET Cost of Fuel Cost of 
Seating List Pe Milo! = Avance Amma] 2nd Lubricants Maintenance Annuzs Cost 
Capacity Price Bue Route Tavestment Per Mile of Per Mile of I oe 
: Bus Route Bus Route 
30 $6,577 $36.43 $216.38 $16.64 $12.44 $218.95 
36 6,695 37.20 220. 18.76 12.73 226.52 
42 7,172 39.85 236.68 20.07 13.97 237.11 
48 7,328 40.72 241.82 21.18 14.12 244.84 
54 7,719 42.89 254.73 22.09 14.93 254.65 
60 8,491 47.18 280.20 23.00 16.81 267.88 
66 8,851 ` 49.18 292.08 23.70 17.48 277.42 


struction, installation of fixtures, architectural 
services, paint, and cost of planning. Equip- 
ment costs consist of all expenditures for items 
of furniture, furnishings, and machinery that 
are not integral parts of the building. 

Since this long-term analysis allows organiza- 
tion of school districts to change, building and 
equipment investment must also be allowed to 
change. Data on recently built schools give the 
general cost of construction by size of school 
district [2]. Equipment costs reported by Isard 
and Coughlin [5] were adjusted to 1969-70 
price levels by the Bureau of Labor Statistics 
commercial furniture price index. Equations (3) 
and (4) derived from data presented in the 
above two sources give a representative picture 
of the size-cost relationship of facilities (exclud- 
ing vocational equipment) in elementary and 
secondary education in school year 1969-70.! 


(3) FACg = 1667.464 — 56.842(A DA n) 
+ 26.893(1/A DAs) 

(4) FAC, = 2316.505 — 253.542(A DAs) 
+ 9,163(1/A DAs) 


where: 


FAC is average cost per ADA of facilities; 

ADA is average daily attendance in 1,000 
units; 

E is elementary school; and 

5 is secondary school. 


Major economies of size in providing facilities 
accrued to 300 ADA in elementary schools and 
600 ADA in secondary schools. 

The average cost per ADA of facilities was 
based on the number of elementary students, 
secondary students, and secondary vocational 
students by courses [10, p. 93]. Facility costs 


1 Statistical properties of the equations are not presented 
because the values were averages for specific intervals, and 
consequently the equations gave nearly perfect fits. 


were converted to annual costs of depreciation, 
insurance, and interest on investment. The. 
facilities’ operating life was assumed to be 25 
years for nonvocational equipment, 10 years for 
vocational equipment, and 50 years for build- 
ings. It was also assumed that school buildings 
would be salvaged at 20 percent of original cost, 
while equipment would have no salvage value 
at the end of its operating life. In all cases, a 6 
percent interest rate was used. 


Transportation 


Public transportation is generally provided 
for students whose residence is not within walk- 
ing distance of school. Insofar as possible, buses 
are approved to go at least within one-half mile 
of each pupil’s home. Transportation costs in 
rural areas are particularly important since 
students are so dispersed and school districts 
are so large. 

In most districts the most expensive trans- 
portation item was drivers’ salaries. The sam- 
pled school districts’ average salary per mile of 
bus route was $75.94 with a standard deviation 
of $38.13. There was no stable relationship be- 
tween bus drivers’ salaries and either total miles 
or total miles adjusted for the number of stu- 
dents. District salary schedules were typically 
based on a school district’s wealth and local 
wage rates rather than a uniform state salary 
schedule. Therefore, the salary used in comput- 
ing transportation costs was the sample average. 

The least expensive combination of body and 
chassis was selected for each size of bus. List 
prices by size of bus are presented in Table 1. 
Depreciation costs were computed from these 
list prices and a seven-year operating life, the 
state average. The approximate cost per mile 
traveled was derived from the cost per mile of 
bus route using the number of days traveled 
(180) and the number of times per day the bus 
route was-covered. 

Cost of fúel, lubricants, and maintenance is a 
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Figure 3. 
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~ large component of transportation costs. School 
buses make many starts and stops and gas 
mileage is low. A 30-passenger bus in rural areas 
typically gets 6.5 miles per gallon. The cost of 
lubricants was assumed to be 15 percent of the 
fuel cost. Maintenance includes cost of material 
and labor for repairs, equipment replacement 
such as tires, as well as the cost of overhauls. 
The costs of operation and maintenance are also 
presented in Table 1. 

Insurance and interest on investment are the 
last components of transportation costs. The 
charge for interest was based on the average 
annual investment and a 6 percent interest rate. 

_The cost of insurance was based on a typical 
package of comprehensive, collision, and liabil- 
ity insurance. The liability coverage had 100, 
300, and 25 in thousand dollars of individual 
bodily injury, total bodily injury, and property 
damage, respectively. 

A simulation program was used to determine 
the size and number of buses used, as well as the 
distance traveled in transporting students from 
their homes to school. This program considered 
both the size of district and density of trans- 
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ported students. For a generalized discussion of 
student transportation costs, it was assumed 
that the students were evenly dispersed and 
were transported to a central location. This 
formulation is similar to the situation in many 
rural areas in which there is only one high school 
and one or more elementary or junior high 
schools centrally located. 

Since time spent in busing involves an in- 
creasingly important disutility to students and 
parents, the program took into account the time 
that students were in transit. It appears feasible 
but unrealistic from a school ‘administrator’s 
point of view to assign a monetary cost to stu- 
dent’s time lost in busing. Imposing a limit on 
the time that students can spend in transit ap- 
pears to be a more useful method for reflecting 
this disutility of busing. This study assumes 
that no student can be in transit for more than 
one hour, a maximum limit in effect in several 
sparsely populated areas. f 

All costs of operating school buses in Table 1 
were combined with the information on routing 
provided by the simulation program to derive 
the average cost of transporting students by 
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Figure 4. Average cost of education and transportation per ADA for a school district by high school curriculum 


various student densities and district sizes [10]. 
Curves for the low-density areas show that it is 
economically infeasible to transport large num- 
bers of students in these sparsely populated 
areas. 


Optimal School District Size 


Average cost curves derived above can be 
combined to determine the optimal school dis- 
trict size. Educational costs include the cost of 
instruction, administration, plant operation 
and maintenance, and annual costs of plant and 
equipment. The average educational cost curve, 
adjusted to a standard quality of program, ex- 
hibits significant economies of size to 800 ADA 
as shown in Figure 3.2 The cost curve was stan- 
dardized for a high school program offering 
30 academic units and 8 vocational units and 
achievement equal to the sample average of 77. 
The average transportation cost curve for a 
student density of 1.8 transported students per 
square mile, typical for rural areas, is presented 

2 Given the school district’s salary schedule and invest- 


ment in plant and equipment, the standard error of educa- 
tional costs (derived from the sampled districts) was $32.28. 


in Figure 3. This analysis assumes there were 
265 nontransported students, the sample aver- 
age. Cost economies in instruction, and atten- 
dant functions accrue from larger numbers of 
students, but cost diseconomies from transpor- 
tation arise as more students must be brought 
to school. 

The average transportation and educational 
cost curves were added together to get the aver- 
age cost of all the school district’s functions 
(Fig. 3). This curve’s minimum occurs at 675 
ADA. However, the curve is very flat between 
400 and 1,100 ADA. School districts can oper- 
ate anywhere within this range without signifi- 
cant differences in per-unit costs. School dis- 
tricts operating outside this range face sub- 
stantially higher per-unit costs. 


High school curriculum 


Figure 4 shows the average cost of the three 
standardized high school curriculums, assuming 
a student density of 1.8 transported students 
per square mile. It is much more expensive to 
provide an extensive curriculum which includes 
vocational courses. Minimum average costs for 
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Figure 5. Average cost of education and transportation per ADA by student density 


the three programs ranged from $665 without 
vocational courses to $700 for the desirable pro- 
gram. To achieve minimum average cost, the 
school district size increased from 550 ADA for 
the minimum program to 900 ADA for the de- 
sirable program. 


Student density 


Differences in student densities cause signifi- 
cant differences in school district size and aver- 
age cost as shown in Figure 5. Minimum cost 
was $760 for a student density of .6 transported 
ADA per square mile and $660 for a 3.0 student 
density. The school district size ranged from 
300 ADA with low density to 1,075 with high 
density. Thus, a positive relationship exists be- 
tween student density and optimal school dis- 
. trict size, i.e., the optimal school district size is 
smaller in sparsely populated rural areas. Also, 
school districts in sparsely populated areas 
operating outside the low-cost range face sub- 
stantially higher per-unit costs. 


Conclusions 


An examination of a school district’s long-run 
average cost curve provides some insight into 
how large the school district should be. Optimal 
size of the school district is defined as that which 


has minimum long-run average costs. The pre- 
scription for optimal economic operation, there- 
fore, calls for the schoo] district to combine re- 
sources in a least-cost manner so as to operate 
on the long-run average cost curve and to oper- 
ate at the optimal size of school district in order 
to achieve minimum per-unit cost. 

This paper has shown that differences in high 
school curriculum and student density cause 
significant differences in optimal size and min- 
imum attainable costs. A more extensive cur- 
riculum requires larger school districts to eff- 
ciently utilize the program. In sparsely popu- 
lated areas, school districts could not expand in 
size to take full advantage of economies in in- 
struction because transportation diseconomies 
were an overriding factor. Transportation costs 
are not nearly as important in heavily popu- 
lated districts. 

Although the average long-run cost curves 
considered here apply to the single school year 
1969-70, the basic findings are likely to remain 
relevant for future years. Although inflation 
will shift both the transportation and educa- 
tional cost curves upward, the optimal size will 
not necessarily shift markedly to the right or 
left. Also, minor variations from the optimal 
size cause only slight increases in costs. 
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The New Varieties under Dryland Conditions: 
Mexican Wheats in Tunisia * 


` Matcoum J. Purvis 


The new wheats m the dryland conditions of Tunisia are being grown with limited success on 
large-scale mechanized farms. Achieving yield potentials depends on careful control of plant 
growth. If this is not done, traditional varieties outyield the new wheats. 


wheat varieties were developed in Mex- 

ico at CIMMYT. These wheats (and 
the rice varieties developed at IRRI in the 
Philippines) have been the basis for the much 
publicized “Green Revolution” in developing 
countries, particularly in South and Southeast 
Asia [2, 6, 16]. These new varieties are all short 
strawed “dwarf” cereals that respond well to 
fertilizer application. However, they were de- 
veloped for irrigated conditions. In Tunisia, as 
in the rest of North Africa and large areas of the 
Middle East, wheat production is predomi- 
nantly from dry land agriculture, i.e., relies 
upon rainfall during the growing season. Much 
of these areas suffer not only from sparse aver- 
age annual rainfall but also from very marked 
inter- and intra-seasonal variability! As yet 
there is little experience with the high-yielding 
varieties in dryland conditions. Tunisia was 
one of the first countries to try to adapt the new 
wheats to rainfed agriculture. 

Tunisia, once a net exporter of wheat, has 
over the last decade relied increasingly on im- 
ports to meet its growing internal consumption 
needs. To increase national wheat production, 
using the newly available technology, a Cereals 
Project was started by the Tunisian Govern- 
ment with the support of USAID, Ford Foun- 
dation, and CIMMYT. In 1966-1967 the first 
field trials were made using seed imported from 
Mexico. By 1970-71 just over 100,000 hectares 
(about 8 percent of national cereals area) were 
planted commercially to the new wheats with 
an average yield of 15 quintals per hectare [13]. 
Average yields in the past for traditional soft 
wheats? in Northern Tunisia have been about 8 


* The data used in this article were obtained while the 
author was a member of the University of Minnesota con- 
tract team in Tunisia, financed by USAID AID/afr 469. 

1 For an analysis of rainfall variability and yield vari- 
ability in Tunisia see [8]. i 

2 The Mexican wheats are also soft wheats. They are of 
rather lower quality than the established soft wheat varie- 
ties in Tunisia [5, p. 22]. 


Marcom J. Purvis is associate professor of agricultural 
economics at the University of Minnesota. 
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quintals per hectare and for durum wheats only 
about 5 quintals [8, pp. 10, 16]. The new 
wheats have so far been grown successfully only 
by the modern mechanized sector of Tunisian 
agriculture. Wheeled tractor, caterpillars and 
combine harvesters are a regular part of wheat 
production in this modern sector. 

During 1969-70 a small farm management 
survey of wheat production in the modern sec- 
tor was conducted. This survey, the first of its 
kind in Tunisia, collected data from 27 coopera- 
tive, pre-cooperative, and state farms on which 
the trainees of FAO farm manager school had 
been placed for a year’s practical experience. 
The data not surprisingly showed that on these 
farms the new wheats, with very similar costs of ` 
production (apart from increased fertilizer use), 
were far more profitable than the local soft and 
hard wheats. A 64 percent increase in the gross 
margin was achieved, = 

However, there is a danger in underestimat- 
ing the difficulties faced by Tunisia in obtaining 
significant and continued productivity gains 
from the new varieties. Although the new 
wheats have given average yields of more than 
double traditional wheat yields, under compar- 
able conditions the Mexican wheats are perhaps 
not much more than 30 percent more produc- 
tive than the old varieties. In the survey re- 
ported here the average yield for traditional 
soft wheats was 12.8 quintals as against 17.3 
quintals for the Mexican wheats—a difference 
of 34 percent. The wheat yields obtained by the 
Cereals Project’s demonstration farms in 1967- 
68 and 1968-69 show a similar difference as do 
the results obtained from the FAO experimen- 
tal farm at Beja over a three year period 1967- 
68 through 1970-71 [7, 11, 12, 13]. In brief, the 
existing local varieties, well adapted to Tu- 
nisian conditions and widely used over a long 
period of time, are also capable of yield levels 
several times higher than the national average. 
The problem is clearly not one of introducing 
new genetic potential, but of realizing the 
potential already available through the use of 
complementary inputs. Furthermore, if the new 
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varieties are extended from the small modern 
sector and replace the old varieties in larger 
areas, their average yields must be expected to 
decline (due to their use on more marginal land, 
with lower rainfall, capital intensity, manage- 
ment, etc.). 

Even more significant is the evidence that in 
dryland areas, where the environment is more 
arduous, the responsiveness of new varieties to 
carefully exercised control may assume even 
greater importance than under irrigated condi- 
tions. It can be hypothesized that the new 
wheats under dryland conditions are far more 
sensitive than the established local varieties to 
“control” variables, those factors which affect 
plant growth and yields and which lie within 
the control of the farmer. By contrast, ‘‘non- 
control” variables are those outside the control 
of the farmer; examples are rainfall, some dis- 
eases,? and wind and hail damage. It seems rea- 
sonable to presume that plant breeding has 
been directed to the selection of plants less 
sensitive to noncontrol variables! and more 
responsive to control variables. However, the 
plant breeder by deliberately selecting material 
responsive to control inputs (e.g., nitrogenous 
fertilizer) may also select plants more sensitive 
to the absence of proper control. The five year 
experience of the Tunisian Cereals Project has 
time and again demonstrated the importance 
of seed bed preparation, seeding rates, date of 
planting, rate and timing of fertilizer, and weed 
control.§ If this control is not purposely exer- 
cised, the local wheats may actually outyield 
the Mexican wheats. 

The above hypothesis is supported by evi- 
dence from two sources. First, the Cereals Proj- 
ect demonstration farm data of 1967-68 and 
1968-69 reported yields of the Mexican wheats 
and of Florence Aurore (a widely grown local 
variety) grown on the same farms and under 
equal conditions of “‘conirol.”’ The yields of Mex- 
ican wheats are positively correlated with the 
yields of Florence Aurore. The slopes of the 
linear regression of Mexican wheat yields on 
Florence Aurore yields are greater than one, 


* Some diseases, particularly seed-borne disease, could be 
considered as controllable factors since they can be elimi- 
nated by seed treatment and selection. Others can be 
diminished in importance by cultural practices. However, 
endemic or epidemic disease (e.g., rust and wheat blights) is 
outside the control of the individual farmer. 

4 Elimination of photosensitivity (day length) was a key 
element in the rice breeding program at IRRI. 

5 These factors have been stressed repeatedly in the re- 
ports of the Cereals Project [11, 12, 13, 14, 15]. 
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and for 1968—69 the intercept is negative: 


Year Intercept Slope R 

1967-8 6.621 1,12 52 
(.22) 

1968-9 —3.759 1.75 87 
(.15) 


In other words, at low yields the superiority of 
the Mexican wheats is less in absolute terms 
than at high yield levels and may even (in the 
case of 1968-69) be negative. The 1968-69 data 
suggest that when Florence Aurore yields 5 
quintals per hectare -or less, the Mexican 
wheats will be even less productive. 

Secondly, data from the 1969-70 survey were 
used to show that Mexican wheat yields are 
more responsive to control variables than are 
the traditional varieties. This was done by re- 
gression analysis of yields against total cost of 
production’ and against an index of control 
variables. Total cost of production is a measure 
of the degree of control being exercised. The 
greater the amount of tillage, seed used, or of 
chemical inputs, the higher the total cost of 
production per hectare. However, total cost is 
not a good measure of the quality of control; 
hence an index was constructed to measure 
better the degree of control being exercised. 
The control index included seven variables: 
tractor hours in seedbed preparation, date of 
planting, seed rate, amount of phosphatic 
fertilizer applied, amount of chemical weed 
killer used, amount of nitrogenous fertilizer 
applied, and timing of nitrogen application 
(date and whether single or split-level applica- 
tion). In addition, rainfall (a non-control factor 
but of obvious importance) was included in the 
analysis but as a separate variable. Each con- 
trol variable was standardized so that it had a 
mean value of 1.0 and a lower bound of zero. 
The index was constructed by simple addition 
of the values for each variable. In the case of 
data for time of planting, the variable was mea- 
sured by weeks away from the dates recom- 
mended by the Cereals Project. 

Results of this analysis are shown in Table 1. 
The slope coefficients for the Mexican wheats, 
associated with lower intercepts, are highly 
significant in both cases, supporting the 
hypothesis that control is a major factor in ob- 
taining high yields from them. 


¢ An analysis of nitrogen and rainfall on wheat yields for 
the demonstration farm data also found that a proxy vari- 
able for management was more significant, especially in the 
case of the Mexican wheats [3]. 

7 Defined as the sum of the cost of variable inputs; ex- 
cludes overhead costs. 
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Table 1. . Tunisia: linear regression analysis of wheat yields, survey 1969-70 








Variety (Yield in Quintals) Intercept Tee Index (ith tere) R? 
Total Cost : 
Durum Wheat — 19.58 313 — .037* 32 
(.335) (.018) 
Traditional Soft Wheats — 1.467 495" — .025* 39 
(.317) (.015) 
Mexican Wheats —12.995 .BA30* — .011 61 
(.234) (.018) 
Index of Control 
Durum Wheat —11.793 — 3.674* .011 .21 
' (2.625) (.018) 
Traditional Soft Wheats — 2.451 — 2.665* » 010 54 
: (1.133) (.012) 
Mexican Wheats —37.974 — 5, 8390 039%" 40. 
(2.206) (.021) 
* Significant at 90 nt level. 
** Significant at 95 percent level. 


*** Significant at 99 percent level. 


Adequate control in Tunisia has only been 
achieved so far on the modern mechanized 
farms. Small farmers who tried the new wheats 
in 1970-71 and who did not have either the 
mechanical means or necessary knowledge to 
achieve control rejected the new wheats, and 
plantings in 1971-72 slumped from 100,000 
hectares to 60,000 hectares. The importance of 
mechanical power in Tunisia for achieving con- 
trol should not be underestimated. Not only is 
mechanical cultivation one way of assuring that 
cultivation operations are properly executed, 
but the control variables all have a very impor- 
tant element of timeliness—in seedbed prepara- 
tion, planting, fertilizer and herbicide applica- 
tions, harvesting. Because of the dependence on 
natural rainfall, the time periods in which these 
operations must and can be performed, even us- 
ing mechanical power, are very limited. For 
example, the period between onset of the rains 
and the time when it is too late or impossible to 
continue cultivation because of waterlogged 
soils is frequently very short. Similarly there is 
risk in delaying harvest due to sirocco winds 
causing lodging and shattering. In any event 
technology for achieving control without the 
use of mechanical power has not yet been de- 


veloped in Tunisia. 

In conclusion, the increased productivity of 
the new short strawed wheats in dryland condi- 
tions in Tunisia has been about one third 
greater than for the existing established varie- 
ties. High average yields (of double national 
average yield) obtained on relatively small 
acreages are not grounds for optimism for rapid 
future increases in productivity. Control over 
plant growth rather than genetic potential ap- 
pears to be the limiting factor in Tunisia. To 
date this control has only been achieved with 
(expensive) mechanical cultivation in the mod- 
ern sector. Unless the new seeds can be adapted 
to the resource conditions of the traditional 
nonmechanized small farmer sector, further 
productivity growth will require large-scale in- 
vestment in (imported) machinery and consoli- 
dation of small farms into larger units suitable 
for mechanized farming. If the Tunisian experi- 
ence is any guide, the green revolution under 
dryland conditions may be slower and even 
more costly economically, socially, and politi- 
cally than under irrigated conditions for which 
the new varieties were originally developed fcf. 
1, 4, 9, 10]. 
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_ Extension Education in Bargaining among Midwest — 
Livestock and Grain Producers* 


Harotp D. Gurrser 


Midwest grain and livestock producers show substantial interest and support for bargaining to 
improve prices received, but they are less willing to participate in control of volume and orderly 
marketing efforts to make bargaining effective. However, agricultural bargaining offers an op- 
portunity for creative educational efforts among these producers. 


uRveys show that midwest livestock and 

grain producers are not entirely satisfied 

with present marketing and pricing sys- 
tems. Some look at bargaining as a possible 
means of improving the price received for their 
commodities. But when faced with the respon- 
sible decisions that they must make to accom- 
pany successful bargaining, it looks less attrac- 
tive [2, 3, 5]. 

This situation poses a dilemma for Extension 
economists faced with carrying out educational 
efforts. But the problems are not insurmounta- 
ble. Experiences with single meetings from 
1969-1971 and a pilot bargaining short course 
in Illinois in February 1972 may provide some 

- guidelines for others contemplating Extension 
programs. 

The Ilinois experiences indicate that educa- 
tional materials on bargaining prepared by the 
North Central Regional Committees in Mar- 
keting and Public Policy can be used effectively 
in Extension programs on bargaining among 
livestock and grain producers. 

Introductory exposure to principles of bar- 
gaining was carried out at various locations 
across the state from 1969-1971 using the 
North Central Extension Marketing Commit- 
tee slide set “Farmers and Bargaining Power.” 
One-night meetings created an awareness of 
economic principles involved and for those 
seriously interested served as a brief introduc- 
tion for in-depth study. 

Pilot short course sessions consisted of five 
successive meetings one week apart, each ap- 
proximately two and one half hours long. Far- 
mers from three counties met at a central loca- 
tion on a community college campus. The for- 
mat was based on North Central Extension 
Publication 30, Bargaining in Agriculiure— 

* The assistance of M. B. Kirtley and the reviewers and 
Editors of the Journal in reading earlier drafts of this paper 
is gratefully acknowledged. i 

Haron D. GUIER ts Extension economist in public 
policy and associate professor of agricultural economics at the 
University of [linois, 
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Potentials and Pitfalls in Collective Action [1], 
the 1970 Illinois farmer surveys [3], and local 
area speakers who could contribute to the pro- 
gram. 

In each session time was provided for Exten- 
sion economists to make a presentation in the 
first half and for guest speakers to talk and 
answer questions during the second half. A 
coffee and doughnut break in the classroom 
midway through each session provided a 
needed shift in the program and opportunity 
for farmer participants to visit together. 

Guest speakers contributed their own spe- 
cialized knowledge and provided new faces to 
stimulate and maintain interest in the program. 
They were carefully selected and advised what 
they were to talk about. Included among the 
guest speakers were a panel of livestock market- 
ing practitioners—a firm representative, a 
livestock buyer, and a livestock cooperative 
fieldman engaged in contract marketing—who 
discussed their roles in pricing; the contract 
manager for Caterpillar Tractor Company and 
the president of the local United Auto Workers 
union at Caterpillar who discussed labor con- 
tract negotiations; and representatives of two 
farm organizations, Farm Bureau and NFO, 
who presented their views on bargaining. 

The 50 farmers who registered paid a small 
registration fee to cover local expenses and 
maintained attendance of 90 percent or more at 
each session. Although participants ranged in 
age from 23 to 67, the average of 41.6 years was 
considerably below the state average of 49 
years [6]. 

Two state Extension economists and a dis- 
trict marketing specialist handled the major 
teaching responsibilities and local coordination. 
County Extension advisers assisted with regis- 
tration and promotion. A local coordinator is 
essential to arrange for speakers and handle 
other on-site program details. In a pilot effort, 
two Extension economists can evaluate the 
program more effectively than just one. 

Keeping the participants involved stimulated 
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their interest and encouraged a high attendance 
each week. Involvement was achieved by a 
series of information surveys and stimulating 
and provocative speakers who frequently made 
the question and answer period the most excit- 
ing part of the program. 

The surveys served two distinct purposes. 
First, they provided a picture of farmer partici- 
pants? attitudes about bargaining and their 
knowledge of economics. Second, they provided 
a teaching tool for the instructors. 

Three surveys taken at separate sessions 
were tabulated and reported to the class on the 
following weeks. The “Bargaining Attitude 
Test” of nine questions revealed general feel- 
ings about bargaining, prices, and marketing. 
The “Pricing and Negotiations” survey de- 
scribed hypothetical situations and offered a 
multiple choice so participants could show how 
they would react to these developments as 
members of a bargaining committee. The “Role 
of Government” survey was a brief multiple 
choice form with four questions that covered 
foreign trade policies, eg., dealing with Com- 
munist countries and pricing products to re- 
main competitive in foreign trade. On the last 
night of the class, an evaluation questionnaire 
was used to obtain constructive suggestions for 
future bargaining short courses and to deter- 
mine if the participants had changed their gen- 
eral attitudes toward bargaining. 

The surveys showed the following farmer at- 
titudes toward bargaining; they are generally 
supported by earlier surveys [2, 4] among 
representative groups of Illinois and Missouri 
farmers: 

1. A large majority felt that bargaining is 
generally desirable to give farmers a stronger 
voice in pricing their products. Most were still 
convinced of this need after five weeks of study 
and discussion. However, three of the 50 partic- 
ipants (6 percent) said bargaining had no place 
in agriculture, while none of them gave this 
response at the beginning of the course. 

2. Farmers do not agree on how they will 
make bargaining work. Among the short course 
participants, 43 percent felt farmers could 
organize and run their own associations, 46 
percent said farmers should organize but would 
need help from government to enforce the rules, 
and 11 percent said neither would work. 

3. Attitudes of both grain and livestock pro- 
ducers show a substantial support for bargain- 
ing in principle, but less willingness to partici- 
pate in the control of volume and orderly mar- 
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Table 1. ‘Fair’ prices for 1972 as viewed by 
Ilinois Extension short course par- 
ticipants 

Average see 
Commodity Low High oat i 
ding foes 1972 

Corn (per ba.) $ 1.20 $ 2.68 $ 1.46 $ 1.09 

Wheat (per bu.) 1.40 3.50 2.01 1.42 

Soybeans (per = 2.50 4.00 3.19 3.04 

Cin tere 22.50 00 26.65 25.70 

m 24,00 48.00 35.47 34.008 

mi0 poun 5.00 8.00 6.13 6.20 


aN Grade A per 





* Average price, all steers and heifers. 


keting efforts that would make bargaining effec- 
tive. In both the short course and the earlier 
state wide survey [4], more farmers indicated 
interest in bargaining than were willing to hold 
grain off the market until asked to deliver or to 
send livestock to market in specified numbers 
and weights in compliance with a bargaining 
agreement. 

4. Obtaining widespread acceptance of a 
negotiated price may be an obstacle in future 
bargaining efforts for livestock and grain far- 
mers. The short course participants gave a 
wide range of responses about what they con- 
sidered a fair price for major farm commodities 
(Table 1). With this wide range, agreeing upon 
a price to ask and a price to accept in the nego- 
tiating process could be a major problem in 
group bargaining efforts. 

5. For group bargaining to be possible, the 
majority of producers must belong to the bar- 
gaining association, must be willing to let their 
bargaining representatives make price decisions, 
and must accept the final negotiated price and 
terms of sale. The traditional freedom for each 
individual operator to make his own decisions 
about when he will sell and what price he will 
accept may be another major obstacle to wide- 
spread acceptance of bargaining by grain and 
livestock producers. 

In conclusion, agricultural bargaining offers a 
potential opportunity for creative educational 
efforts but also involves risks of error and mis- 
understanding. A grain buyer for a major pro- 
cessor refused to participate as a guest speaker 
because he believed the Extension Service was 
attempting to organize farmers to demand 
higher prices. 

The difference between education on the 
alternatives and consequences of actions that 
producers might take and actual organization 
efforts can be easily misunderstood. The role of 
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Extension economists should be education. 
Policy decisions and action programs belong 
with farm organizations and producer groups. 
Working with. 50 farmers in a bargaining 
short course reveals that many do not under- 
stand the complex nature of bargaining, the 
functions of prices and pricing systems, elas- 
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ticity of demand, the legal aspects of price 
negotiations, and the discipline required for 
effective group action. Before extensive collec- 
tive bargaining efforts among livestock and 
grain farmers will be feasible, both legislation 
and an intensive educational effort among all 
farm operators will be needed. 


References 


[1] Bremver, HAroLD F., ed., Bargaining in A griculiure— 
Potentials and Pitfalls in Collective Action, North Cen- 
tral Regional Extension Publication 30, University of 
Missouri Extension Division C911, June 1971. 

- [2] Driss, Sapox, ann Haror F. "BREIMYER, “Opinions of 
Leading Missouri Farmers About Farm Policy,” in Eco- 
nomic and Marketing Information for Missouri A gricul- 
ture, Department of Agricultural Economics, Univer- 
sity of Missouri-Columbia, Nov. 1971. 

[3] Gourreer, Harnorp D., ann M, B. Kimtiry, Bargaining 
Power for INinois Farmers, Dept. of Agr. Econ. Coop. 


Ext. Service EQ4, University of Minois, Dec. 1970. 

[4] Gurmmer, Harorp D., “Tllinois Farmers View Current 
Policy Issues,” IWinois Agricultural Economics 10-11: 
23-31, July 1970-Jan. 1971. 

[5] HATHAWAY, DALE E., RICHARD L. FELTNER, James D. 
SCHAFFER, AND DENTON Morrison, Michigan Farmers 
in the Mid Sixties, Agr. Exp. Sta, Res. Rep. 54, Michi- 
gan State University, Aug. 1966. 

[6] U. S. Department of Commerce, Bureau of the Census, 
Census of Agriculture, Illinois, 1970. 


Graduate Programs in Agricultural Economics: 
Results of a Survey 


Davmw A. Storey anp Rosert L. CHRISTENSEN 


A 1970 mail survey of U. S. and Canadian agricultural economics departments attempted to 
identify new approaches to graduate education. Areas explored included program objectives, 
requirements, and procedures. Some evolutionary changes im specific requirements and pro- 
cedures were identified, although few revolutionary changes in orientation were discovered. 


view process at the University of Mas- 

sachusetts, a mail survey was conducted 
of other agricultural economics departments in 
the U. S. and Canada to solicit information 
about new insights and innovative approaches 
to graduate education in the field. This article 
presents some results of the survey. 

The questionnaire was mailed in the fall of 
1970 to the heads or chairmen of 58 U. S. and 
Canadian academic departments with graduate 
programs in either agricultural economics or 
closely related fields. Usable returns were re- 
ceived from 48 departments. Seventeen offered 
only the Master’s degree, and 31 offered both 
the Master’s and Ph.D. degrees. Questionnaires 
were completed by department heads or depart- 
mental graduate program directors. 


Objectives of Agricultural Economics 
Graduate Programs 

An open-ended question at the beginning of 
the questionnaire asked, “What are the educa- 
tional objectives of your department’s (a) Mas- 
ter’s degree program and (b) Ph.D. program?” 
Responses were quite varied in depth and ap- 
proach. Since a number of caveats relevant to 
quantification of answers to such a general ques- 
tion may be stated, only a broad quantification 
of response categories is presented (Table 1). 

Master’s degree programs tended to have 
more diverse, specific objectives than did Ph.D. 
programs. The objective of developing exper- 
tise in economics and quantitative analytical 
methods was the only one mentioned frequently 
for Ph.D. programs. Master’s program objec- 
tives commonly related to future activities an- 
ticipated for the students—either further gradu- 
ate work for the Ph.D. or specific types of em- 
ployment. 

A fairly large number of administrators of 


N s a part'of the departmental graduate re- 





DAVID A. STOREY is professor and ROBERT L. CHRISTEN- 
SEN és assoctate professor of agricultural and food economics 
at the University of Massachusetts, Amherst. 


graduate programs in our field appeared to find 
it difficult to articulate the objectives of their 
programs, About one-fifth of the respondents 
either did not answer the question or referred to 
attached handbooks or policy statements which 
often did not contain any useful statements 
about program objectives. Some of those who 
did state objectives were vague or gave incom- 
plete answers. . 

The departments were asked whether objec- 
tives had changed significantly in the last five 
years. Nearly half the respondents answered 
“ves” with respect to Master’s programs, and 
about one-fourth did likewise for the Ph.D. 
However, descriptions of changes appended to 
the affirmative answers in most cases referred to 
program procedures such as the requirement of 
more theory or quantitative courses or changes 


in exam procedures. The most frequent change 


Table 1. Major categories of educational ob- 
jectives for Master’s degree and 
Ph.D. programs in agricultural 
economics and closely related 
fields, as expressed by department 


heads and graduate program direc- 





tors 
Percent of respondents 
stating objectives in 
Educational Objective category* 
Category 
Master’s 
Ph.D 
Degree ` 
Program Program 
Pre-Ph.D. training 50 — 
Training or preparation for careers 
in specified fields or activities 54 29 
Training in economics and quanti- 
tative analytical methods 54 68 
Stimulation of individual develop- 
ment and program flexibility to 
accommodate individual needs 27 19 
No objectives stated? 19 29 


* The total number of se pecan was 48 for Master’s 
degree programs and 31 for Ph.D. programs. 

No answer or answers indicated objectives were not 
stated. 
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Table 2. Courses added to and dropped from 
agricultural economics graduate 
curricula in the last five years* 





Number of Number of 





sal i ents d ents 
ich have which have 
Type of course droppeda addeda 
course of course of 
this type this type 
antitative methods? 2 34 
esource economics® 2 27 
Economic development# — 16 
Economic theory® 1 15 
World agriculture and trade 2 12 
Regional development and analysis — 12 
Agricultural marketing? 17 12 
Agricultural business management 2 10 
Agricultural policy 2 8 
Agricultural production economics 
and farm management 4 3 
Other 7 8 





* A total of 46 respondents answered this question. 

b Includes econometrics, operations research, program- 
ming and research methods. 

c Includes water resource economics. 

4 Includes agricultural development. 

* Includes micro and macro-theory, mathematical eco- 
nomics and welfare economics. 

í Includes cooperative marketing and commodity mar- 
keting under courses dropped only. Includes general mar- 
keting, market organization and transportation under both 
categories. 

z Includes seminars on topics of current concern. 


in objectives reported at the Master’s level was 
implied by the addition of a terminal or non- 
thesis program specifically designed to train 
students for business or other careers. 


Graduate Program Requirements in 
Agricultural Economics 


Graduate courses and course programs 


Specific questions were not asked about 
courses required in graduate programs since 
others have done that fairly recently.1 

One question asked was whether new courses 
had been added to or dropped from the gradu- 
ate curriculum (courses offered) in the last five 
years, or if any courses had been substantially 
revised. Responses classified by subject matter 
area are shown in Table 2. 

In addition to substantial increases in quanti- 
tative methods offerings, rather definite changes 
in emphasis are suggested. In general, changes 


1 Cramer and Sokoloski surveyed Ph.D. students in 29 
agricultural economics departments during the school year 
1964-1965 and reported their findings in this journal [1]. 
More recently, J. W. Parlour of the University of Manitoba 
conducted a 1970 survey which covered 22 U. S. and Ca- 
nadian agricultural economics programs [2]. 
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in graduate course offerings appear to reflect: 
first, an increasing emphasis on nonagricultural 
domestic problems, such as resource develop- 
ment and regional-development; problems at 
the macro level; and international problems; 
and second, a decreasing emphasis on tradi- 
tional domestic agricultural problems, particu- 
larly commodity-focused marketing and pro- 
duction problems of the firm (although there is 
some increase in agribusiness management 
training). 


Graduate examinations 


Thirty of the 31 departments offering the 
Ph.D. indicated they used written preliminary 
examinations. The other department explained 
that students’ committees usually administered 
a written examination. 

Stated objectives of the written preliminary 
examinations varied among departments. In 
decreasing order of frequency, the objectives 
mentioned were: (1) to test the student’s knowl- 
edge (chiefly theory and quantitative methods), 
(2) to test the student’s ability to apply knowl- 
edge to problems, (3) to test the student’s gen- 
eral competence or ability, (4) to test his ability 
to continue in dissertation research, and (5) to 
serve as an aid to the student’s development by. 
inducing him to integrate his knowledge. 

Another question was included: “Are you 
satisfied with written preliminary comprehen- 
sive examinations as a method for determining if 
a student should be admitted to Ph.D. can- 
didacy?” Thirty respondents answered the 
question—16 affirmatively, 13 negatively, and 
one with a “yes” and “no.”? The following ques- 
tion—“If no, do you have any suggestions for 
improvement?”—elicited no suggestions for an 
alternative evaluative device. Respondents felt, 
however, that the written exam should not be 
the sole criterion and that oral exams, class per- 
formance, etc., should also be taken into ac- 
count. 


Theses 


All Master’s degree students were required to 
write theses in 19 of 45 responding departments. 
Another 19 required theses of more than half of 
their students, and seven did not require a the- 
sis Interestingly, 63 percent of the depart- 


3 One department indicated that class performance ad- 
mits the student to candidacy and the preliminary examina- 
tion is only a test, not a criterion for candidacy. 

3 These figures understate the proportion of departmint 
with nonthesis options, since the first group of 19 included 
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ments offering only Master’s degrees required 
theses of all Master’s students, while only 31 
percent of departments offering both graduate 
degrees required all Master’s students to write 
theses. Generally, students who did not write 
theses submitted a special petition to justify ex- 
clusion, and this was used in making a decision 
along with the student’s background and/or ob- 
jectives. Although a number of departments 
offered both thesis and nonthesis options, only 
eight differentiated the titles of degrees received 
by students. Graduate assistants were required 
to write theses in most departments as condi- 
tions of their employment. 

When screening potential Ph.D. students, 30 
respondents stated they would be more critical 
of students with nonthesis Master’s degrees, 
one indicated he would reject such a student, 
and 16 indicated that it would make no differ- 
ence. An interesting additional fact to consider 
is that 23 of the 29 Ph.D. granting departments 
which answered the question indicated that 
they permitted students with a B.S. to enter 
directly into a Ph.D. program (although six of 
the 23 said that they discouraged this practice). 
Thus, for most of these departments, a Master’s 
thesis does not seem to be a prerequisite for a 
Ph.D. program. The evidence obtained from 
these questions indicates a dichotomy in think- 
ing within the profession about the value of the 
Master’s thesis. 

Respondents to a question of whether a paper 
suitable for publication (but not necessarily 
published) would be an acceptable substitute 
for a Master’s thesis were evenly split—22 would 
accept.such a paper and 22 would not. 

One of the problems associated with the the- 
sis/dissertation requirement is that a fairly 
large number of students finish their graduate 
course work (and examinations in the case of 
Ph.D. students) but for reasons of financial 
pressure, etc., leave before their theses or dis- 
sertations are completed. In the average depart- 
ment responding, 13 percent of the Master’s 
students and 21 percent of the Ph.D. students 
were in this category. The percentage of stu- 
dents never finishing was estimated to be less 
than five for Master’s students and less than 
four for Ph.D. students.‘ 





two with nonthesis options that apparently were never ex- 
ercised and two more that were in the process of adding a 
nonthesis option. 

‘It should be noted, however, that about one-third of the 
departments did not state how many Ph.D. students failed 
to finish, some because their programs were relatively new, 
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Table 3. Proportion of agricultural economics 
department graduate students who 
receive teaching and/or extension 
experience in their graduate pro- 
grams 

Percent of departments in category* 
Proportion of — -——-_______ 
students who Teaching Extension 
receive the M 
erience Master’s aster’s 
TP degree PED. “degree PPD 
None 34 3 69 46 
1- 9 21 14 20 25 
10-19 21 30 7 25 
20-49 7 27 4 4 
50-95 15 23 — — 
100 2 3 — — 
100 100 100 100 





a Forty-seven respondents answered the question for 
teaching—Master’s degree, 30 for teaching—Ph.D., 45 for 
extension—Master’s degree, and 28 for extension—Ph.D. 


Teaching and extension experience 


There are very few departments where a sig- 
nificant portion of students receive teaching ex- 
perience and only one where all receive it (Table 
3). A very small proportion of students in agri- 
cultural economics receive extension experience 
as part of their graduate programs. 

Of the respondents, 9 of 44 and 26 of 41 at 
the Master’s and Ph.D. levels, respectively, felt 
all graduate students should have teaching ex- 
perience. Suggestions included teaching entire 
courses (most felt these should be lower-level 
undergraduate courses), conducting lab or dis- 
cussion sessions, conducting seminars, substi- 
tuting for absent faculty members, serving as 
teaching apprentices to faculty members, and 
taking education or teacher training courses. 
Many respondents indicated an appreciation of 
the value of teaching experience but were per- 
plexed as to how it could be effectively incor- 
porated in graduate programs within the field. 


Changes in Agricultural Economics 
Graduate Programs 


“Has your department made any innovative 
changes in the graduate program during the last 
five years or are any innovative changes cur- 
rently under serious consideration? If yes, please 
describe them.” This question was answered 
affirmatively by two-thirds of the respondents, 


but some apparently because of confusion about the term 
“never.” Also, one-fifth did not answer this question for 
Master’s students. 
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although some respondents indicated uncer- 
tainty about how revolutionary a change needed 
to be in order to be classified as “innovative.” 
The major types of changes indicated were as 
follows (the number of respondents mentioning 
the change is indicated in parentheses): 

1. Elimination of the Ph.D. foreign language 

requirement (11) 
2. Addition of new types of Master’s degree 
programs, usually nonthesis options (10) 
3. Revision of Ph.D. preliminary comprehen- 
sive examination procedures (8) 

4, Revision in M.S. written examination pro- 

cedures (3) = 

5. Addition of new areas, or changes in em- 

phasis in areas (6) 

6. Addition of new courses (5) 

7. Changes in course requirements (6) 

8. More teaching experience for students (2). 

It is apparent that agricultural economics de- 
partments as a rule have eagerly exercised the 
option of dropping the Ph.D. foreign language 
requirement whenever possible, and that this is 
one of the more significant changes that has 
occurred in agricultural economics Ph.D. pro- 
grams.’ 

A few specific additional changes will be men- 
tioned here. One department instituted semi- 
nars for Ph.D. students who had completed 
their regular course work in order to give spe- 
cific training for the Ph.D. preliminary exami- 
nations. Another department designated faculty 
as teams responsible for graduate course offer- 
ings in areas such as development, marketing, 
etc., to avoid any adverse effects from faculty 
turnover, leaves, etc. The same department in- 


5 Tolley and Grubb reported that in 1962-63, 28 of 29 
agricultural economics departments required two foreign 
languages, with a little more than half of them permitting 
mathematics or other substitutes [3, pp. 194-195]. Al- 
though not specified, we assume the substitution was usu- 
ally permitted for one language only. Parlour’s study eight 
years later reported that of 18 departments, 12 required no 
foreign language and six required one [2]. 
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structed its faculty to redirect course emphasis 
to application of theory toward agriculturally 
related problems and to avoid duplication of 
theory. Another department identified develop- 
ment of more multidisciplinary thesis research 
problems as an innovation. 

A final question asked, “Are there any changes 
that you would make in the graduate program if 
you were free of university or graduate school 
restrictions? Please describe, no matter how 
wild they may seem.” The most prevalent re- 
sponse was that graduate school rules did not 
hinder changes but permitted a great deal of 
flexibility. Changes suggested dealt with such 
things as admission requirements, titles for non- 
thesis degrees, and graduate credit for under- 
graduate courses. Most frequently mentioned 
was the Ph.D. foreign language requirement, 
which apparently still exists in some schools. 

A few other ideas were mentioned: making 
the final Ph.D. oral examination a public lecture 
rather than an exam; permitting a wider range 
of publication format than requiring theses for 
all student research projects; permitting greater 
flexibility in assignment of graduate assistants 
to varied duties in teaching, research, and ex- 
tension; and offering separate degrees for teach- 
ing-oriented students and for foreign students. 

In general, significant new directions or ap- 
proaches were not discovered in the survey. 
Perhaps there are new developments which the 
survey questionnaire simply failed to unearth. 
However, there seems to be a growing need for 
substantive innovation in educational programs 
at all levels. Agricultural economics is not im- 
mune to the growing chorus of questions from 
students and society about the relevance of uni- 
versity teaching and research. Reactions of the 
profession to new social forces and values, in 
graduate programs as well as in other activities, 
will have much to do with society’s judgment 
of the profession’s worth in the decade of the 
1970’s. 
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An Approach to Research on Vertical Coordination: 
The Beef System in Oklahoma* 


Warne D. Purcen. 


Analysis of selected subsystems of the Oldahoma beef marketing system reveals conflicts and 
inconsistencies in basic interstage relationships. Such conflicts and inconsistencies block realiza- 
` tion of higher degrees of interstage or interlevel coordination. Improvement will require a re- 
search orientation which isolates such barriers and estimates their impact on system participants. 


ARKETING research has not been with- 
M out criticism. During the past two 

decades critical pleas for a change in 
orientation have appeared. A move toward a 
“systems approach” has been the favorite sug- 
gestion. 

Kohls was calling in the 1950’s for “... an 
attack on marketing systems as a whole” [3, p. 
1602]. In 1962 Eldon Smith noted the lack of re- 
search effort in agricultural marketing “... 
which takes into account the totality of relevant 
relationships and interrelationships” [7, p. 
1536]. The same theme was apparent in recom- 
mendations of the Southern Marketing Re- 
search Committee in 1963 [8]. In 1968 Shaffer 
argued that “. . ..the major payoff (to research) 
is in understanding the interfirm and intermar- 
ket relationships” [6, p. 45]. At the 1971 AAEA 
annual meeting Godwin and Jones concluded 
that while a systems-oriented approach is 
needed, progress in this direction has been “with 
glacial slowness” [2, p. 813]. Either the critics 
are wrong or there are reasons why changes in 
orientation have not evolved. 


Barriers to Change 


There are at least two possible reasons why 
change has not occurred more rapidly. One 
deals with intensity of the felt need for change, 
the second with magnitude of the needed 
change or adjustment. 

There is basis for an hypothesis that the mar- 
keting economist’s failure to adjust his research 
orientation will permit the demise of the tradi- 
tional exchange system. But this is an untested 
hypothesis and critics are just beginning to 
hammer at this theme. Godwin and Jones note 
the “... increasing proclivity and capability 
for coordination and control in both vertical 
and horizontal directions” [2, p. 807]. Breimyer 
has emphasized that the exchange system is 
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only one among several kinds of systems and 
lamented the “. . . failure to recognize that an 
integrated relationship between farmers and 
their markets is not just a version of an ex- 
change system but its replacement” [1, p. 940]. 
In general, however, the marketing economist 
has paid little attention to any relationship be- 
tween the prevailing research orientation and 
gradual but persistent changes in the organiza- 
tional structure of food and fiber marketing sys- 
tems. 

In addition to the failure to recognize the 
need for reorientation is the tendency to over- 
estimate the nature and magnitude of the 
change which is needed. For more effective 
analysis of the problems in many of the market- 
ing systems, a change in perspective which 
focuses increased attention on the interstage 
relationships may be all that is needed. It is at 
the merging of two stages or “levels” of activity 
that the exchange process is involved. It is on 
the interstage dimensions of the system that the 
marketing economist must focus his attention 
if the ills of the exchange system are to be 
cured.! The purpose of this paper is to promote 
increased dissatisfaction with procedures that 
place too little emphasis on, or ignore com- 
pletely, the important interrelations inherent 
within all marketing systems.? 


1 The researcher need not make a decision as to what or- 
ganizational structure is “best” to be concerned with the 
inefficiencies of the prevailing system. Such concern will 
help assure that changes in organizational structure over 
time will be orderly, will more nearly serve the interests of 
all concerned, and will be the result of conscious thought 
and choice. 

2 Fortunately, not all marketing researchers have been 
oblivious to the needed changes. Work now being completed 
or under way at several land grant institutions demon- 
strates recognition of the need to look at either the systems 
or the interrelated processes which make up marketing sys- 
tems. The ‘“Hog-Pork Sector Study” by ERS and cooperat- 
ing universities and the SM-41 regional project, which will 
analyze alternative systems of vertical coordination for the 
livestock marketing system in the South, both demonstrate 
recognition of some of the fundamental problems. Hope- 
fully, this somewhat critical appraisal will speed and other- 
wise facilitate the needed change. 
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A Suggested Approach 


A “new” orientation and related methodol- 
ogy have been employed in analysis of the 
Oklahoma beef marketing system. Although 
further testing and more empirical grounding 
are needed, the approach appears to have po- 
tential. 

The Oklahoma beef marketing system was 
divided into subsystems. Once an appropriate 
subsystem? was defined, attention was directed 
to developing a methodology which would 
identify economic relationships of importance 
to interlevel (or vertical) coordination. 

The approach employed was to select, based 
on & priori knowledge, dimensions which might 
affect the realized degree of interlevel coordina- 
tion. Selection of each dimension was equivalent 
to hypothesizing that decision processes and/or 
actions along that dimension affect the likeli- 
hood of achieving interlevel coordination. 

Once established, the hypotheses were tested 
in a qualitative fashion by using “mirror image” 
questioning procedures. Decision makers at dif- 
ferent levels were questioned about activities 
along the same dimension but in terms of the 

- perspective from which each operates. 

Analyses have been completed for two sub- 
systems within the Oklahoma beef marketing 
system. The producer-feeder and the feeder- 
packer subsystems have been analyzed to iden- 
tify goal conflicts and/or operational inconsis- 
tencies and infer the impact of such conflicts 
and/or inconsistencies on the degree of inter- 
level coordination achieved by the Oklahoma 
beef marketing system. 


The producer-feeder subsystem‘ 


Among the dimensions investigated were 
overall goal of operation, timing of the move- 
~ ment of feeder cattle, and valuation of the 
feeder animal. Other dimensions were investi- 
gated, but these three will suffice for illustrative 
purposes. 

Two separate questionnaires were composed. 
The producer was questioned as a producer and 
seller of an output, the feeder as a user and 
buyer of an input—the feeder animal being the 
output or input in the respective cases. Strati- 
fied random samples of 46 producers and 46 


2 By an “appropriate subsystem” is meant a set of two 
or moreinterrelated parts of the total system which exhibit 
the important characteristics of the total system. 

4 For more detailed discussion of the methodology which 
was developed and an in-depth treatment of the results 
refer to the M.S. thesis by Rathwell [5]. 
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feeders were surveyed using structured personal 
interview techniques. 


Overall goal of operation 


Most producers felt they produced a raw ma- 
terial for use at the feeding level and not a 
“finished product” to suit their own preference 
patterns. Conversely, a majority of the cattle 
feeders felt the producer pays little or no atten- 
tion to the type of input needed or preferred by 
the feeder. Related questions confirmed the 
apparent conflict. When asked to indicate what 
type of animal they tried to produce, most pro- 
ducers selected heavily finished feeder animals 
without top gain potential. Both picture series 
and written questions were used in the two 
questionnaires and the conflict was verified. 

Theoretically, the price mechanism would 
correct such an inconsistency by awarding pre- 
miums and/or levying discounts. But the sur- 
vey results suggest that corrections have not 
been made. The theoretically desired alignment 
between the output of the producer and the in- 
put needs of the feeder does not now exist. There 
appears to be a need to cut corners and go to 
the root of the problem, the basic conflict in 
operating goals, if the situation is to be cor- 
rected. But much of the current research activ- 
ity deals with more observable dimensions of 
marketing performance, and the underlying 
goal conflict persists. 


Timing of movement 


The importance of a stable and timely flow of 
cattle into the feedlot has long been reported by 
the marketing economist. Yet, a significant fac- 
tion of the producer group could see no reason 
why the feeder should worry about keeping a 
stable flow of cattle into the feedlot. 

Within the group of producers who indicated 
they realize a steady flow of cattle is important 
to the feeder, most would require a price sig- 
nificantly above the break-even price to move 
cattle to the feeder early, weighing 650 pounds 
rather than a previously agreed upon 700 
pounds. The “mirror image” question to the 
feeders indicated many would not pay the 
break-even price but would offer some lower 
price. 

Much of the research in this area has focused 
on measurements of supply instability and re- 
lated price variability. Response to the surveys 
suggests such variability is the observable result 
of a more deeply rooted problem. Price variabil- 
ity is tolerated because the producer is not really 
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concerned about variability in the flow of feeder 
cattle. The feeder, in turn, is not willing to 
“share” the gains accruing from scheduled 
movement of feeder cattle into his lot. There is 
theoretical basis for suggesting increased co- 
ordination would be mutually beneficial, but re- 
search to demonstrate such benefits is not avail- 
able. 


Valuation of product | 


A number of questions and the use of pic- 
tures of three carefully selected feeder animals® 
led to an important conclusion: there are sig- 
nificant differences of opinion between the 
feeder and producer groups as to what charac- 
teristics give value to the feeder animal. Most 
feeders want “stretch” or frame and not much 
finish; most producers opt for the more heavily 
finished animal. 

Within the producer sample, the subgroup 
comprised of stocker operators® exhibited much 
closer agreement with feeders in indicating 
which factors give value to the feeder animal. 
Most respondents in this group indicated they 
sell directly to cattle feeders; most of the cow- 
calf operators indicated they sell through auc- 
tions or dealers. One can hypothesize the stocker 
gets a “signal” through direct contact that the 
exchange process has not been able to convey to 
the cow-calf operator. 

Grades have long been a popular area of re- 
search. But the prevailing lack of agreement on 
what constitutes a valuable feeder animal leads 
to a most uncomfortable conclusion: the feeder 
animal has not been described and priced in a 
manner which has transmitted clear and dis- 
cernible price signals to Oklahoma producers. 
The result is a continued-lack of alignment be- 
tween the output of the producer and the input 
needs of the cattle feeder—a continued lack of 
interlevel coordination. 


The feeder-packer subsystem’ 


Three of the more important dimensions in- 
vestigated were overall goal of operation, level 


5 Three feeder animals grading choice and weighing 650 
pounds were selected on the basis of frame and degree of 
finish. It was assumed the animal with frame (large skeletal 
structure) and a low degree of finish would be the better 
input for the cattle feeder. 

6 The 12 of 46 “producers” who owned no cows and who 
bought light calves to carry on grass or wheat pasture until 
they reached feedlot-ready weights were termed “stockers” 
in the study. 

1 For more detailed treatment of the analysis involving 
this subsector refer to Purcell and Dunn [4]. 
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versus variability in returns (or costs), and 
strategies on provision of information. The two- 
questionnaire approach was used. Stratified 
random samples of 42 feeders and 23 packers 
were surveyed. 


Overall goal of operation 


Both feeders and packers were asked to select 
from among alternative goals which differed on 
the basis of maximizing net returns versus stabi- 
lizing net returns at an acceptable level, and 
length of planning horizon. Most cattle feeders, 
especially the larger feeders, indicated they at- 
tempt to maximize returns to each lot of cattle 
they handle.® Conversely, most packers noted 
they attempt to maximize returns over a longer 
period of time, usually an operating year. 

The difference in length of planning horizons 
is important. The feeders’ operating goals would 
permit, perhaps accentuate, short-run price 
fluctuations. Faced with a relatively high fixed- 
to-variable cost ratio, the packer may be forced 
to bid up prices during periods of short supply. 

Lack of coordination extends beyond the 
legitimate buyer-seller conflict. The price mech- 
anism appears to be reactive to the prevailing 
situation and has not functioned effectively in 
the corrective role the theory affords to price. 
Research results which demonstrate the prevail- 
ing inconsistency and the possible implications 
of selected changes in operating procedures are 
needed, 


Level versus variability in returns (costs) 


Selecting from alternative sales patterns, the 
feeders indicated a preference for the more vari- 
able patterns if-average net returns increased 
significantly with the variability. In a related 
question, however, a significant number of the 
feeders selected the more variable patterns even 
though average net returns were held constant. 

The “mirror image” question to the packers 
probed their willingness to pay for increased 
stability in the flow of cattle into their plants. 
More than half of 21 responding packers indi- 
cated they would prefer a procurement pattern 
with average costs at $30.20 per cwt. and a 
maximum variation in cattle numbers of 2 per- 
cent around the preferred operating level to 
other patterns with an average cost as low as 


* The custom feeder who feeds cattle for others would be 
expected to adopt a policy of maximizing returns to each 
lot of cattle. Many of the noncustom feeders also adopted 
such a position, however. 
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$29.80 but with variability ranging up to 9 per- 
cent. 

More investigation and better measurement 
are needed, but it would appear that a feeder 
might well receive a premium for working with 
the packer in scheduling movement of cattle, 
and that packers recognize the cost implications 
of fluctuating supplies of cattle and indicate 
some willingness to share potential benefits. Re- 
search results to demonstrate the level and pos- 
sible distribution of such benefits are conspicu- 
ous in their absence. 


Strategies on provision of information 
The feeders were asked to indicate how much 


information they would prefer to make avail- 


able to the buying packer before beginning 
negotiations. Alternatives ranged from simply 
making the cattle available for inspection to 
providing complete information on previously 
fed cattle, including information on dressing 
percentage, quality grade, and yield grade. 
Eighteen of 41 responding feeders would do 
no more than make the cattle available for in- 
spection. The packers’ response to the related 
question indicated not all packers would trust 


the detailed information if offered. Other packers, ' 


however, indicated they would either not bid on 
the cattle at all or try to impose a price discount 
(up to $1.00 per cwt. or more) when such in- 
formation is not provided by the feeder. 

The importance of equally well-informed 
buyers and sellers has long been voiced by the 
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economist. Although much has been written 
about the need to discount for uncertainty, the 
message on these and related ramifications of 
the negotiation process has failed to reach most 
Oklahoma cattle feeders and many of the meat 
packers. Lack of information on important 
value-related product attributes can lead to in- 
consistencies between negotiated price and 
“true product value.” More evidence is needed 
on the size and nature of such possible pricing 
errors and the cost-returns implications of 
those errors to both feeder and packer. 


Conclusions 


A change in research orientation by the agri- 
cultural marketing economist is badly needed. 
Analysis of selected subsystems in the Okla- 
homa beef marketing system reveals conflicts 
and inconsistencies in the most basic interstage 
or interlevel relationships. Such conflicts and 
inconsistencies undermine operation of the ex- 
change system and prevent price from function- 
ing effectively as an allocative and corrective 
device. Attention on these barriers to interlevel 
coordination, not on the observable behavior of 
the system, is what appears to be needed. Meet- 
ing these needs means “systems research” or, at 
a minimum, an orientation that acknowledges 
existence and importance of interlevel behav- 
ioral relationships as the primary determinant 
of the realized degree of coordination along the 
vertical dimension of any marketing system. 
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Summing Components of Real Capital Gains* 


H. B. Hurr anb T. G. MacAvutay 


The rationale for using homogenous categories of assets for estimating capital gains in agricul- 
ture has not been fully recognized. Data from two recent studies illustrate the sizeable discrep- - 
ancies between summing regional versus national aggregate capital gains estimates. In addition, ` 
information is generated about regional disparities in distribution of capital gains. 


been estimated in several studies includ- 

ing Bhatia [1], Boyne [2], Grove [3], 
Hathaway [4]; and Hoover [5]. All of these 
authors recognized the value of calculating 
capital gains by type of asset, but only Boyne 
provided estimates of capital gains by region. 
The purpose of this paper is to demonstrate 
that the summation of regional values for capi- 
tal gains provides a more accurate estimate of 
the national total. In a similar way, the sum- 
mation by type of asset provides a more ac- 
curate estimate of the overall gain than those 
made from data undifferentiated by type of 
asset. Ideally, calculation should be made using 


(Cen gains from U. S. farm assets have 


homogenous regions and assets—homogenous _ 


in the sense that price and quantity changes are 
the same for the asset or region. 

Regional summation of capital gains is the 
simplest to illustrate, and Boyne’s study will 
be used for this purpose. His study gives an- 
nual estimates of real capital gains during 1940- 
1960 for farm real estate. These are calculated 
for all of the U. S. (aggregate method) and 
also for the 10 economic regions (component 
method). The differences in the results between 
these two methods were attributed by Boyne to 
the different values used for the constant dollar 
series [2, p. 56]. In this note it is shown that 
this is incorrect. While part of these differences 
obviously does lie with the data, another im- 
portant factor in using a capital gains formula 
like that employed by Boyne is that the re- 
gional or component sums cannot equal the 
national (or aggregate) total, except under 
either of two very restrictive conditions.! 


* The authors wish to acknowledge the helpful sugges- 
tions provided by B. B. Perkins and an anonymous Journal 
reviewer. 

1 Bhatia [2, p. 502] outlines two additional formulas for 
estimating capital gains which are equivalent to that em- 
ployed by Boyne. The results of our analysis apply equally 
well to each formula. 


H. B. Hore és an economist, Canada Depariment of Agri- 
culture, Otawa, and T. G. MACAULAY å is a graduate research 
asststani, School of Agricukural Economics and Extension 
Education, University of Guelph. 





These restrictive conditions can be demon- 
strated by using a two-region country. Let: 

G; ı be the current dollar value for region 4, in 
year t, and. ` ` 

bi, be the constant dollar value for region i, 
in year 7, where 7 is 0 for the country, 1 for 
region one, 2 for region two. 

Further, current dollar values and constant 
dollar values for the two regions are equal to the 
country total, i.e., 


(1) 
(2) 


Using Boyne’s formula [2, p. 33], the nominal 
capital gains (NCG) are 


NCG; = (44,41 — 44,1) 


1 bii ) 
Be (re) cacao | 
Al l bsn 


bi 
Fai (1 g . 


aah 


The sum/of the regional estimates is: 
NCG, + NCG: = (arty T 42,141) 
— (are + 42,1) 


Go, = Gia + Gaye 
bo, = bi, + base 


(3) 





(4) 











bie 
+ aye 1 — 
Ore 
ba, 
+ asl t — . 
ba 1 


Therefore, the sum of the regional estimates, 
(NCG\+-NCG,), is equal to the country total 
(NCG)) only if the following condition holds: 


2 Nominal capital gains are easily converted to real 
capital gains and are used here for simplicity. 
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Region 2 





Country 
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Figure 1. Price and quantity changes for the two regions and the country 
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or stated more-simply, if the following condi- 


tions hold: 
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These restrictions require that either the 
ratio of the constant dollar value from one year 
to the next be the same in each region as in the 
country as a whole or the ratio of current to 
constant dollars (the price) be the same in each 
region as in the country as a whole.? These are 
very limiting assumptions and are unlikely to 
occur except by chance. i 

? A similar proof of these restrictions is employèd by 
Boyne to state conditions under which there are unbiased 
price and quantity components for each time period. 
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A graphical illustration with numerical exam- 
ples may further clarify the reasons for these 
discrepancies. Figure 1 shows the two-region 
example given the following: 


Gi = 12, Gi ti = 20, az = 12, 42,041 = 30, 
bit <= 4, biti z 5, bat = 3, ba ty = 6. 


It can be seen that the sum of the shaded areas 
for region 1 and region 2, which are the differ- 
ences in current dollar values between period £ 
and +1, are the same as that for the country. 
However, the sum of the price component in the 
regions is (4+0.5)-+(3+1.5) =9.0, which is less 
than that for the country, (7.8-+2.25) = 10.05. 
It can also be shown that if the conditions indi- 
cated in equations (6) and (7) hold, these areas 
would be equal. 

To show the size of the discrepancy between 
the aggregate and component methods if the 
above restrictions are not fulfilled, the authors 
recalculated the regional capital gains using the 
same data as Boyne but with an aggregate ap- 
proach (i.e., regional farm real estate values 
were summed before the capital gains were 
estimated). The results are shown in Table 1. 
Boyne attributes the differences between col- 
umn (1), his aggregate approach, and columns 
(3) and (5), his component approach (use of 
individual regions), to differences in the con- 
stant dollar data he used. It is shown in col- 
umns (2) and (4) that with use of the same data 
but a different approach, the results sometimes 
diverge to an even greater extent. It should be 
noted that this discrepancy is a minor issue in 


Real wealth gains from farm real 
estate comparing aggregate data 
and regional sums using three esti- 
mates of the stock of U. S. farm real 
estate, billions of 1910-1914 dol- 


Table 1. 











lars 
fk USDA* Method A> Method B° 
e- 
Year Aggre- Agar Sum of Sum of 
Periods gate gat regions® gat regions? 
(2) (2) @) (4) (5) 
1940-44 2.15f 2.64 2.52 1.84 1.69 
1945-49 —1.04 —0.97 —1.06 1.62 1.54 
1950-54 4.18 3.87 3.95 5.11 5.08 
1955-59 7.12f 7.64 7.82 7.91 8.21 
® The USDA constant dollar series HL was used. 
b A perpetual inventory technique for farm buildings was ured in de- 
veloping a constant dollar for farm real estate. 
° A deflated current dollar technique for farm buildings wes used in 
deyeloping a constant dollar series. 
ie ei calculations based on aggregate data from Boyne (2, p. 54, 
‘a a 
© From [2, p. 55, Table 17]. 
ra ipo be differ alightly from those shown in Boyne (2, p. 39, 
Table 11), as a result of our with values estimated for 1943, 


1944, and 1939, as shown In (2, p. 36, Table 9}. 
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Table 2. Real capital gains from farm assets 
for Canada and the provinces, 


1947-1966 
Canadian Sum of A 
Year Total Provinces Difference 
ween nn ne ee eee million dollars ~------------ 
1947 —345.2 —347.6 2.4 
1948 —10.7 —84.9 14.2 
1949 423.0 407.6 15.4 
1950 387.8 362.7 15.1 
1951 —507.5 — 542.6 35.1 
1952 264.2 239.8 24.4 
1953 —89.1 —124.8 35.7 
1954 —110.1 —157.8 47.7 
1955 69.6 66.1 3.5 
1956 —163.1 —206.8 43.7 
1957 284.1 245.8 38.3 
1958 227.5 265.8 —38.3 
1959 233.1 221.3 11.8 
1960 93.9 134.8 —40.9 
1961 278.2 285.9 —7.7 
1962 291.8 285.2 6.6 
1963 695.9 515.7 180.1 
1964 655.4 690.2 —34.8 
1965 718.5 830.6 —112.1 
1966 877.9 846.5 31.4 





” Source: Huff and Cusack [6, p. 15, Table 3]. 


the bulletin by Boyne and does not detract 
from the rest of his study. 

The results from a similar Canadian study of 
capital gains [6] which provides annual differ- 
ences between the aggregate and component 
(provincial) sums demonstrate this discrepancy 
more clearly (Table 2). Annual differences of up 
to 25 percent were observed, with the compo- 
nent sums, on average, less than the aggregate 
(Canadian) total. The largest differences be- 
tween these two methods occur when price or 
quantity changes deviate widely in the indi- 
vidual regions. These two examples emphasize 
the importance of estimating capital gains for a 
homogenous region, particularly for real estate, 
which dominates farm capital gains. The same 
argument can also be made for using a classifi- 
cation of assets which groups only similar types 
of assets. 

In addition to the marked improvements in 
capital gains estimates from using homogenous 
regions and assets, considerably more informa- 
tion is available on the distribution of capital 
gains. In the Canadian study (Table 3), for 
example, there are regions which obviously did 
not share in capital gains from Canadian agri- 
cultural assets. This information is important 
for the development of appropriate agricultural 
and regional economic policies. 

It is difficult to make meaningful U. $.— 
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Table 3. Total real capital gains from Canadian farm assets, by province, 1947-1966 

















Total as 
ż Livestock Implements Farm 
Province and and ne. a real Total aaa 
poultry _ machinery estate inore 
=-----7===2M MMMM mil, 1966 dollars? ------------------------------ percent 
Canada 208.0 —167.9 — 134.0 4,532.5 4,438.5 13 
Prince Ed. Is —3.4 —10.5 —0.2 6.7 —7.4 —3 
Nova Scotia —5,1 —7.0 —0.1 12.2 —0.1 0 
New Brunswick —3.3 —11.1 —0.2 11.3 —3.3 —1 
Quebec —22.0 —254.7 —2.5 106.6 —172.6 —4 
Ontario 0.7 —82.0 —3.8 1,279.8 1,194.7 15 
Manitoba. 13.4 —1.4 —7.3 368.5 373.2 12 
Saskatchewan 32.9 142.4 —70.8 1,336.7 1,441.2 17 
Alberta, 20.1 36.0 —43.1 1,077.1 1,090.2 18 
British Columbia 2.3 —3.3 —0.7 163.3 161.6 11 
* Data from Dominion Bureau of Statistics, “Net Income of Farm Operators from Farming ii Earm Nei In- 
come, Catalogue #21-202. 
b In 1966 dollars using the Consumer Price Index as a deflator. 


Source: Huff and Cusack [6, pp. 17-20]. 


Canadian comparisons of capital gains because 
of differences in data definitions and collection 
procedures as well as in the objectives and time 
periods between studies. Three common char- 
acteristics do emerge, however. First, farm real 
estate is consistently the most important com- 
ponent of real capital gains. Second, regional 
variations in capital gains are substantial. 
Third, while capital gains produce a significant 
addition to total farm welfare, instability of 


farm income is increased as a result. 

In summary, the reasons for divergent results 
between the component and aggregate ap- 
proaches have been identified, and the value of 
estimating capital gains for homogenous groups 
of assets and regions has been emphasized. If 
capital gains are to be used as an element in as- 
sessing welfare levels in the farm sector, it is 
essential to use procedures which provide the 
best estimates possible. 
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Estimation of Irrigation Response from Time-Series 
Data on Nonirrigated Crops 


D. W. Parvin, Ja. 


Innovations in equipment have created interest in irrigation in the humid areas of the United 
States. However, decisions on the economic feasibility of irrigation are hindered because in- 
formation on irrigation response is not available. A technique is presented (with empirical 
application) which approximates irrigation response from time-series nonirrigated data. 


to irrigation would come from irrigated 
versus nonirrigated experimental plot data 
replicated over several years so that average 
weather for the region under study would be 
represented and other factors influencing yield 


[e= data to investigate crop response 


would be held constant. Such data are not avail- 


able for most regions and crops. This paper 
presents a technique approximating irrigation 
response from time-series data on nonirrigated 
crops and summarizes an empirical application. 


Procedure for Estimation of 
Irrigation Response 


A series of data on yields through time can be 
viewed as a function of weather and trend [1]. 
The meaning attached to trend depends upon 
the data utilized. Estimation of irrigation re- 
sponse and its distribution requires that the 
data be complete for a sufficient period of time 
to represent the climate of the region under 
study. 

Estimation of irrigation response from time- 
series nonirrigated data requires the assump- 
tions that: ideal weather! occurred at least one 
year in the data set; irrigation has the same 
effect on yield as ideal weather;* and factors in- 
fluencing yield other than weather may be mea- 
sured by trend. If perfect weather occurred, 
additional water would not have been applied 
even if irrigation equipment had been available. 
Ideal weather was assumed to occur in the year 
when weather had its largest positive effect on 
production. The estimated trend or technology 
line adjusts reported production for technology 


1 Ideal weather as interpreted here represents conditions 
that give maximum yields for the crops grown. 

? This assumption implies that irrigation removes all 
yield variability due to weather. Such an assumption will 
overestimate the magnitude of the irrigation response since 
other weather variables such as temperature are known to 
influence yield. 


D. W. PARVIN, Je., is assistant professor of agricultural 
economics at the University of Georgia Experiment Station, 
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and average weather. Deviations from the tech- 
nology line measure the weather effect. The 
maximum weather effect is used to adjust the 
technology line for ideal weather. 

Figure 1 and Table 1 explain the procedure 
for a simplified five-year example. In the hypo- 
thetical example 5, 10, 8, 15, and 12 units are 
the observed levels of ‘production for five con- 
secutive years. Consider the line #;=4+-22 as 
the technology line. This line adjusts for tech- 
nology and average weather. The deviations 
—1,2,.—2,3, and —2 represent the size of the 
weather effect by year. The maximum positive 
weather effect was 3 units which occurred in 
year l4. Ideal weather (especially rainfall and its 
distribution) was assumed to have occurred 
that year. Had average weather occurred, the 
level of production would have been 12 units 
rather than the observed 15 units. Hence, the 
difference between average and ideal weather 
was 3 units. Since the irrigation response was 
assumed to have the same effect on yield as 
ideal weather, the 3 units were also viewed as 
the irrigation response with average weather. 
Since [i(¥;=4+4-22) reflects technology with 
average weather, La defined as (¥,+max; 
[¥:—¥,]) or (¥:43) for the example reflects 
technology with ideal weather. And, the differ- 


` ence between Ls and the observed level of pro- 


duction is the increase that would have resulted 
had irrigation been practiced in the tth year. 
In year ¢; weather had a negative effect on 


production. Actual production was five units 


whereas estimated production due to technol- 
ogy and average weather was 6 units. The irri- 
gation response estimation technique estimated 
irrigated production at 9 units. Hence, the esti- 
mated additional production that would have 
resulted from irrigation in year #; was (9-5) or 4 


‘units, i.e., estimated response to irrigation in 


year fı was 4 units. In year #4 weather had a 
positive effect on production. Weather increased 
yields from the estimated level of 8 units due to 
technology and average weather to 10 units. 
Estimated production with irrigation was 11 
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© Observed Laval of Production in tt Year [Ye ] 
Estimated Techaology Trend[¥,= 4+2t] 
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Hypothetical graph indicating estimated 
technology trend, ideal weather, weather 
effect and irrigation response 


units. Therefore, the estimated irrigation re- 
sponse in the year f was (11-10) or 1 unit. In 
year l, the estimated irrigation response was 
zero. 


Application to Selected Crops in the 
Georgia Coastal Plain 


Until recently most irrigation in the Georgia 
Coastal Plain was done by hand-moved, light- 
weight aluminum pipe capable of watering two 
to three acres at one setting. Due to the large 
amount of hand labor required to move the 
pipe, the limited acreage covered in a season, 
and the relative high per acre investment cost, 
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irrigation was not profitable to use except on 
high value crops such as tobacco and vegetables. 
Recently, however, large irrigation systems 
designed for rolling terrain with relatively low 
per acre cost have created new interest in irriga- 
tion. Consequently, information is needed on 
the economic feasibility of irrigating crops for 
which irrigated versus nonirrigated data are 
not available in sufficient quantities to estimate 
the response to irrigation and its distribution. 


Sources of data 


Production data utilized were average 
county yield per acre for peanuts and corn for 
60 counties in the Georgia Coastal Plain for the 
period 1954-1969.3 Values reported by the 
Georgia Crop Reporting Service [3] were used. 

Fullilove [2] conducted a study on irrigation 
cost for the Georgia Coastal Plain in 1969. The 
results are summarized in Table 2. Total cost 
per acre of use decreases as utilization of the 
system increases. There is also an inverse rela- 
tionship between total cost per acre of use and 
size of system. The costs reported are average 
values observed. Actual costs for a given farm 
vary depending upon the availability and cost 
of insuring an adequate water supply. 


Results 


The irrigation response estimation tech- 
nique was applied to each of the 60 counties, 
and results were averaged to obtain approxi- 
mate values for the region under study. In- 
crease in yield due to technology was estimated 
by linear trend. Changes in all cultural, nutri- 
tional, and management practices were as- 


1 Average county yields per acre were the only data of 
sufficient length to represent the climate of the Georgia 
Coastal Plain. 





Table 1. Hypothetical example indicating 
irrigation response estimation pro- 
cedure* 

i Y: f, ¥i-F, max; (F: ye Y-F: 
1 5 ó -1 9 4 
2 10 8 2 11 1 
3 8 10 —2 13 5 
4 15 12 3 3 15 0 
5 12 14 —2 17 5 





é=year. 
¥ mbervel level of production in 4, year. 
Y,—Estimated production adjusted for technology and average 
weather in hh year. 
Yi— Pim Weather effect in te, year. f , 
Y” = Production adjusted for technology and ideal weather (irriga- 
tion) in hh year. Í 
Y:*—Y ;~Irrigation response in hn year. 
b F= Pimax: (Fi Ŷd. 
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sumed to be represented by trend. Least 
squares estimates of the annual change in yield 
due to technology (trend) for farms in the 
study area were 80.15 pounds and 1.91 bushels 
per acre for peanuts and corn,‘ respectively. 
Estimated average irrigation responses for 
peanuts and corn in the study area are reported 
in Table 3. On the average, irrigation was esti- 
mated to increase yields of peanuts by 326.29 


1 Estimates obtained by pooling all county data by crops 
weighted by percent of production for area that the county 
represented. 








Table 2. Annual irrigation cost per acre of 
use for self-propelled pivot system, 
Georgia Coastal Plain, 1969% 

Sizet ween nen Utilisation? ---------- 
System 1.0 1.7 2.0 
(Acres) tere en dollars ------------ 
50 Fixed cost per acre 
Depreciation" 2793 2818 28.97 
n . . . 
Taxes and Insurance 2.07 1.22 1.03 
Total fired 70.50 41.45 35.25 
Variable cost per acre? 
Repai . 2.16 2.16 2.16 
re 0.53 0.53 0.53 
Fuel 4.75 4.75 4.75 
Total variable 7.44 7.44 7.44 
Total Costs 77.94 48.89 42.69 
100 Fixed cost per acro 
Interest 16.46 9.68 8.23 
Depreciation 38.48 22.63 19.24 
Taxes and Insurance 1.65 0.98 0.83 
otal fixed 56.60 33.29 28.30 
Total variable 7.44 7.44 7.44 
Total Costs 64.04 40.73 35.74 
150 Fixed cost per acre 
Interest 12.42 7.30 6.21 
j 29.03 17.07 14.52 
Taxes and Insurance 1.25 0.74 0.62 
Total fixed 42.70 25.11 21.35 
Total variable 7.44 7.44 7.44 
Total Costs 50.14 32.55 28.79 
200 Fixed cost per acre 
Depresia 19358 st 8.79 
tion Š š 9. 
‘Taxes and Insurance 0.84 0.49 0.42 
Total fixed 28.80 16.93 14,40 
Tota! variable 7.44 7.44 7.44 
Total Costs 36.24 24.37 21.84 
250 Fired cost per acre 
Interest 4.33 2.55 2.16 
Depreciation 10.13 5.96 5.07 
Taxes and Insurance 0.44 0.26 0.22 
Total fixed 14.90 8.77 7.45 
Total variable 7.44 7.44 7.44 
Total Costs 22.34 16.21 14.89 





* Costs were developed by J. R. Allison (associate professor of agri- 
cultural economics, Univeraity of Georgia Experiment Station, Griffin, 
Geo: ia) from F ve [2] and other secondary sources. 

Utilization refers to Screage irrigat ed. The value 1.0 indicates that 
the acreage irrigated equals of system. The average utilization of 
self- ropelled pivot systems observed by Fullilove [2] was 1.7. 

o Depreciation based on 10 year life. 
d Variable costs reported are annual averages. 
© Labor valued at $1.50 per hour. 
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Table 3. Estimated average irrigation re- 
sponse and value per acre for pea- 
nuts and corn, Georgia Coastal 
Plain, 1954-19695 








Average Value 
Crop response ----~+--- Price? ----~------- 
per acre high medium low 
Peanuts 329.29% 48.94 39.15 29.37 
(210.61) 
[64.55] 
Corn 14.584 19.68 17.50 15.31 
(8. A 
[58.23 








2 Average based on 57 counties and 16 years (N=912) 
for peanuts. Average for corn based on 60 counties and 
16 years (N=960). Parentheses enclose standard devia- 
tions and brackets enclose coefficient of variability. 

b Prices were .15, .12, and .09 $/Ib. for peanuts and 1.35, 
1.20, and 1.05 $/bu. for corn. 

e Pounds. 

d Bushels, 


pounds and corn by 14.58 bushels per acre. 
However, the average response is highly vari- 
able as indicated by the standard deviations 
and coefficients of variability. 


Economic Feasibility 


The value of the estimated average irriga- 
tion response must exceed average irrigation 
cost for the system to be economically feasible. 
Tables 2 and 3 are appropriate for such com- 
parisons. 


Peanuts 


For price equal to $.15 per pound and level of 
utilization equal to 1.0, the analysis indicated 
that irrigation was economically feasible for 
systems of 200 acres or larger. When the level 
of utilization increases to 1.7 or 2.0, economic 
feasibility was indicated for all systems exam- 
ined. 

For price equal to $.12 per pound and level of 
utilization equal to 1.0, results were the same 
as for price of $.15 per pound. For level of utili- 
zation equal to 1.7, the analysis indicated that 
irrigation was economically feasible for systems 
of 150 acres or larger. For level of utilization 
equal to 2.0, all systems analyzed except the 50 
acre size or less were economically feasible. 

For price equal to $0.09 per pound and level 
of utilization equal to 1.0, only the largest sys- 
tem appeared to be economically feasible. For 
level of utilization equal to 1.7, the results indi- 
cated that systems as large as 200 acres or 
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larger were economically feasible. When the 
level of utilization was increased to 2.0, eco- 
nomic feasibility was indicated for systems of 
150 acres or larger. 


Corn 


For price equal to $1.35 per bushel and level 
of utilization equal to 1.0, none of the systems 
analyzed were economically feasible. For level 
of utilization equal to 1.7 or 2.0, only the 
largest system was economically feasible. For 
price equal to $1.05 per bushel, only the largest 
system with level of utilization equal to 2.0 was 
economically feasible. 


Summary and Limitations 


Methodology was developed suitable for pre- 
liminary analysis of available data approximat- 
ing irrigation response from time series nonir- 
rigated yield data. Average county yield data 
for the general period 1954-1969 was used to 
estimate the effect of technology and irrigation 
on yields of peanuts and corn for the Georgia 
Coastal Plain. In that specific area, the esti- 
mated annual change in yield due to technology 
was 80.15 pounds for peanuts and 1.91 bushels 
for corn per acre. 
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The estimated average irrigation response in 
the study area was 326.29 pounds per acre for 
peanuts and 14.58 bushels for corn. However, 
the average response was highly variable for 
both crops. Preliminary analysis indicated that 
irrigation of peanuts appeared to be economi- 
cally feasible for larger systems, higher levels of 
utilization, and higher prices, and that irrigation 
of corn did not appear to be economically feasi- 
ble in the Georgia Coastal Plain. M 

‘Use of county average yield data underesti- 
mates the yield variability of individual farms. 
Hence, the irrigation response estimation tech- 
nique tends to underestimate the irrigation 
response.’ This underestimation is offset some- 
what by the overestimation resulting from vio- 
lation of the assumption that irrigation has the 
same affect on yield as ideal weather, i.e., that 
irrigation removes all yield variability due to 
weather. For purposes of the Georgia Coastal 
Plain study, the difference in the two effects 
was assumed not to be critical to the results. 


5 The larger the variability of the series, the greater the 
maximum deviation and the greater the difference between 
the ideal weather line and the estimated technology trend 
line (see Fig. 1). 
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Sparse pa Climatic Variability, and Yield Uncertainty 
in Response Analysis* 


Jock R. ANDERSON 


A method based on smoothing sparse data is developed for assessment of risk in crop response 
processes when only few data are available. An empirical example illustrates how optimal 
inputs depend on degree of risk aversion when controlled inputs influence risk.. 


tionally given only cursory attention to 
yield uncertainty in their assessment of 
efficient allocation of variable resources and 
have concentrated on ex post appraisal of re- 
sponse experiments. Exceptions have employed 
game-theoretic approaches [13, 18] and, most 
recently, techniques featuring some elements of 
decision theory such as probability [5, 9, 12, 
17] and mean-variance (E-V) analysis [3, 11]. 
A frequent difficulty of accounting for en- 
vironmental risk on the basis of response experi- 
ments lies in finding an appropriate sequence of 
observations over a time span of sufficient length 
to indicate yield variability. This paper presents 
a method of assessing risk with sparse data and 
abstracts from uncertainties in factor and pro- 
duct markets. The empirical illustration, like 
most related work on this topic, pertains to crop 
response to fertilizer. 


A GRICULTURAL response analysts have tradi- 


An Approach to Measuring 
Response and Risk 


Colyer [3] has illustrated some of the short- 
comings of using “average” response functions 
for perennial recommendations on fertilizer use 
and has noted the irrelevance of ex post optima 
for individual seasons in ex ante decision mak- 
ing. Response to inputs like fertilizer is seldom 
certain due to the influence of uncontrollable 
factors such as rainfall and temperature, and 
consequently producers face a risky decision in 
selecting input rates. Good risky decisions 
should be based first on an assessment of re- 
sponse and its riskiness and second on the pro- 
ducer’s attitude to income and risk. If useful 
forecasts of the uncertain factors are available, 
these too should impinge on the decision, but 
this possibility is not treated here [2, 7]. 

*I am grateful to John L. Dillon, Ross Drynan, and 


Brian Hardaker for comments on an earlier draft and to 
this journal’s reviewers for helpful suggestions. 


Jock R. ANDERSON is a senior lecturer in agricultural eco- 
nomics and business management at the University of New 
England, Armidale, Australia. 


The scheme outlined below presumes the 
availability of a few (n) sets of experimental re- 
sponse data in a location defined as reasonably 
homogeneous in measurable features of the en- 
vironment such as rainfall, soil type, available 
nutrients, etc. For simplicity, the scheme is out- 
lined initially for sparse response data from a 
single site, and subsequently an indication is 
given of how the scheme could accommodate 
data from several sites. Data are defined here as 
“sparse” when they are too few to enable ade- 
quate functional analysis of probability distri- 
butions of yields, either by direct means [3, 4, 
8, 11] or indirectly through specification of the 
effects of stochastic factors with known prob- 
ability distributions [5]. That is, the approach 
now suggested is recommended for risky re- 
sponse analysis when conventional procedures 
fail through paucity of data. 

Six steps are included in the scheme, but the 
core of the method (Step 3) consists of smooth- 
ing sparse data. It is proposed to use Schlaifer’s 
[16, p. 104] rule that: “If a sample of s observa- 
tions is drawn from some distribution and ar- 
rayed in order of size, the p-th observation is a 
reasonable estimate of the p/(m-+1) fractile of 
the distribution.” A smooth ci:mulative dis- 
tribution function (CDF) curve can then be 
graphed through the fractile estimates. The 
rule is nonparametric and is “reasonable” in 
the sense that the expected fraction of the 
population falling below the pth order statistic 
is p/(#+1) [15, p. 405]. 

The suggested steps are: 

1. For each set of data, find a least-squares 
response function that is (hopefully the most) 
acceptable in terms of the conventional variety 
of statistical and bioeconomic criteria. Not all 
of the &-controlled variable inputs may appear 
in each of the n functions with nonzero coeff- 
cients. 

2. Use each of the n selected “best” response 
functions to predict output levels for the design 
points of a convenient and adequate experimen- 
tal design for the & controlled inputs. This might 
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be, for example, a 4* complete factorial or cor- 
responding composite design straddling a range 
of inputs similar to that included in the original 
response experiments. . 

_3. For each design point, rank the # pre- 
dicted outputs, apply Schlaifer’s fractile es- 
timation rule, and hand-smooth a graphical 
CDF incorporating any additional information 
such as the non-negativity of output and the 
fact that distributions are likely to be unimodal 
[4, 16].1 

4, Use each empirical CDF to estimate the 
first few moments of the yield distribution at 
each design point. This can be done either di- 
rectly by taking expectations with a consider- 
able number of discrete probability elements 
from the CDF or indirectly by fitting Pearson 
curves [4, 10]. 

5. Use least squares regression to fit the de- 
rived moments and any other pertinent dis- 
tributional features, such as the median, as 
functions of the controlled inputs or decision 
variables: 


E(Y) = f.(X1, Xa, ie i Xi), 


V = fo(X1, Xa, +--+, Xe), , 
() (Y) n ) 


M,(Y) = f(X Xa > 


where the X;, i=1,.--, k, denote the con- 
trolled inputs, E(Y) denotes the mean response, 
V(Y) denotes the variance of response, and 
M,(Y) denotes the jth central moment. These 
_ functions should be selected primarily on sta- 
tistical criteria such as goodness of fit, reliabil- 
ity of coefficients, and apparent consistency 
with the least-squares assumptions. 

6. The final step consists of obtaining the 
producer’s preference function for risk defined 
in terms of the first few moments of the dis- 
tribution of net profits (r) and using this to de- 
termine the input rates that maximize his 
preference or utility. Specification of preference 
in terms of moments can be rationalized via a 
Taylor series expansion of a preference function 
for profit [6, p. 26]. The number of moments to 
assess in the analysis depends on the magni- 
tudes of the corresponding derivatives of the 
preference function but, as a practical matter, 


"3 X+), 





1 Such a subjective method of combining all the relevant 
information available to the analyst is Bayesian in spirit 
rather than technique and is analogous to the judgmental 
procedures analysts use in specifying and selecting among 
alternative models in conventional statistical practice. 
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_ only a few moments (say, 2 to 4) usually need 


be considered, e.g., U =U [E(r), V(x), M(x) J. 

Magnusson [14] has elaborated how optimal 
rates of the decision variables, X,, are deter- 
mined by solving simultaneously the partial de- 
rivative equations, 0U/OX;=0, i=1,---, k. 
In contrast to his didactic examples, the present 
more general specification of risk typically leads 
to solution of nonlinear systems of equations. 
Relative to Step 6, Colyer’s [3] approach of 
maximizing E(x) with respect to the X; subject 
to constraints on the level of V(r) can be 
viewed as a partial accounting for risk that 
avoids specifying the producer’s preference for 
risk. 

It should be noted that some degree of smooth- 
ing is involved in Step 1 as well as in Step 3. To 
the extent that within-period variation con- 
tributes to final crop yields, the procedure ac- 
counts for the effects of within-year and be- 
tween-year sources of risk. As sample size in- 
creases, the E(Y) function will approach the 
“average” function estimated by simply pooling 
all the original data. The method proposed is 
concerned primarily with assessing risk. 

Assuming that uncontrolled random factors 
such as rainfall are fairly homogeneous in each 
experimental period, the approach can be gen- 
eralized to accommodate the situation where 
experiments at several or many sites are con- 
ducted with the intention of incorporating site 
variables so that conditional response can be 
determined. This generalization can be de- 
scribed most succinctly by means of a flow chart 
(Fig. 1). The two methods indicated as prefer- 
able alternatives to the suggested “‘sparse data” 
approach when data are not sparse are not with- 
out inherent methodological and empirical diffi- 
culties, but they are not discussed here. 


An Example of the Suggested Approach 


The example presented to illustrate the pro- 
cedure concerns the response of wheat to nitro- 
gen (N) and phosphorus (P) fertilizer at one 
site in the red-brown earths of the eastern 
Darling Downs area of Queensland, Australia. 
Fractional factorial N—P trials were conducted 
over three seasons 1966-68.? A sequence of only 
three experiments represents an unquestionably 
sparse set of data, but the spirit of this ap- 
proach is that, although sparse, these data pro- 
vide useful information on risk and response. 





3I am grateful to Jim Pulsford and Jim Hitchener of 
ACF/Austral Fertilizers for making these data available. 
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Figure 1. A scheme for risky response analysis 


Some least-squares manipulation revealed the — 0.00301N? — 0.02342P3 
following first three response functions as ade- (0.00093) (0.00582) 
quate ex post descriptions of response in each of 
the seasons; the fourth function was obtained . + 0.00461 P, 
by pooling all the data: (0.00175) 


(2.1) Fes = 20.60 + 0.3370N + 1.0782P 
(2.43) (0.0927) (0.2270) Rt = 0.842 SEE = 4.11 
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(2.2) Yor = 12.52 + 0.4328P — 0.00824P%, 
(0.97) (0.1422) (0.00389) 
B=0410 SEE =2.75 


(2.3) Ves = 19.35 + 0.1245 + 0.6667P 
(0.47) (0.0272) (0.0530) 


— 0.000962 — 0.01257 P2, 
(0.00033) (0.00149) 
R= 0.899 SEE = 1.33 


(2.4) Yesos = 18.13 + 0.1437N + 0.7121P 
(2.47) (0.1079)  (.2377) 


— 0.00133? — 0.01470P? 


(0.00112) (0.00628) 
+ 0.00171 P, 
(0.00190) | 
R? = 0.211 SEE = 8.60 


where Y is wheat yield in bu./ac., N is lb./ac. 
of nitrogen, and P is lb./ac. of elemental phos- 
phorus, and respective standard errors are re- 
ported in parentheses. The data did not permit 
an adequate specification of the response effects 
of rainfall, the only stochastic variable recorded 
in the experiments. 

Response functions 2.1-2.3 were used to pre- 
dict outputs for the 36 points of a 6? complete 
factorial [0(20)100 for N and 0(8)40 for P] 
which just encompassed the treatments of the 
three N-P experiments. For each point the 
three outputs were ranked to give 0.25, 0.50, 
and 0.75 fractile estimates through which 
CDF’s were hand-smoothed. Even with only 
three coordinates on each graph, it was found to 
be quite easy to sketch a sigmoidal curve for 
which the 0.00 fractile was a non-negative out- 
put. The most subjective part of the smoothing 
was encountered beyond the 0.75 fractile, par- 
ticularly in determining the 1.00 fractile, but 
general knowledge of the local environment 
helped place a ceiling on this maximum conceiv- 
able output. 

The mean, variance,’ and third and fourth 
central moments of the responses were com- 

- puted from the smoothed CDF’s, and these were 





3 Note that variance is estimated as a function of the de- 
cision variables, implying heteroscedasticity in the ex post 
response functions. However, with the conventionally sized 
response experiments, nonconstancy of variance of the 
residuals was not detectable in the individual least-squares 
regressions, 
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used as dependent variables in regression func- 
tions of the decision variables VW and P.t Quad- 
ratic equations were found to be best for the 
mean and variance, but statistically acceptable 
functions were not found for the higher mo- 
ments. However, reasonable functions were es- 
tablished for the derived measures, relative 
skewness, œ= M;/V?/?, and relative kurtosis, 
a4=M,/V*. The selected empirical functions 
corresponding to the equation set (1) were: 


(3.1)  E(¥) = 17.37 + 0.1527N + 0.7068P 
(0.28) (0.0085) (0.0213) 


— 0.00143? — 0.01301 P* 
(0.00008) (0.00047) 


+ 0.00273NP, 
(0.00016) 


R? = 0,994 SEE = 0.453 


(3.2) V(¥) = 36.18 + 2.656N + 6.553P 


(14.78) (0.455) (1.137) 


— 0.02463 — 0.19900P2 
(0.00404) (0.02524) 


-+ 0.08826N P, 
(0.00864) 


R? = 0.943 SEE = 24.20 


(3.3) aa(¥) = — 0.577 + 0.00378 
(0.097) (0.00123) 
+ 0.02593 P, 
(0.00308) 


R? = 0.691 SEE = 0,252 


(3.4) ou(¥) = 3.109 — 0.0393 — 0.0337P 


(0.173) (0.0061). (0.0152) 


+ 0.00034? + 0.001332, 
(0.00006) (0.00036) 


R? = 0.681 SEE = 0.349 


(3.5) Med (Y) = 19.14 + 0.1309N + 0.6713P 
(0.13) (0.0039) (0.0098), 


— 0.00102N? — 0.01277 P%, 
(0.00003) (0.00022) 


R? = 0.996 SEE = 0,205. 


t Moments were calculated approximately from 40 dis- 
crete probability elements and corresponding interval mid- 
points read directly from the CDF’s. 
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Table 1. Ilustrative risk-efficient and ex post optimal inputs 




















eee Optimal rates* Expected profit Variance of profit 
Procedure for optimization N 1b./ac. P lb./ac. $/ac. $3/ac. 
The risk assessment approach 
Preference (dE(x)/dV (x) Is 
Uar 0 46 27 21.70 273 
U =linear function 
of Etr), V(x) (1)10-* 42 26 21.68 261 
U =x— (5)10 r3 e 0 28 18.39 70 
U =ln(r 5.68)10-* 20 25 20.79 180 
The conventional ex post i 
approach for function: {2.1 59 26 21.39 307 
aa 0 18 18.65 99 
2.3 15 21 20.33 163 
“Average” function (2.4) 32 21 21.18 226 





+ Area=300 ac., py=$1.05/bu., pa=$0.10/1b., pp =$0.14/Ib., FC=$6/ac. 


Functions such as these can be used in several 
ways to aid decision making about use of N and 
P. For instance, rates that maximize expected 
profits can be found very simply. The, sugges- 
tion in Step 6 of using a producer’s preference 
function is quite general and is illustrated here 
by some alternative assumptions about prefer- 
ence for profits. This approach necessitates ag- 
gregation to the farm level and specification of 
appropriate prices and costs. The realistic as- 
sumptions made for purposes of illustration are 
that E(x)=Area [p,E(Y)—p,.N—p,P—FC] 
and V(x) =(Area py)?V(Y) where Area is acre- 
age under crop, py is net price of a bushel of Y, 
pa and pp are appropriate factor prices, and FC 
denotes fixed costs per acre. Assuming that 
preference depends only on mean and variance 
of profits, i.e., U=U[E(r), V(x)], then the 
first-order condition for determining the opti- 
mal rates (i.e., IU/9N =dU/dP=0) reduces to 
E(x) /ƏN — [dE (x) /dV (x) Jð V (a) /ON =dE(x)/ 
aP— [dE(x)/dV (xr) ð V (3) /AP =0, where [dE(x)/ 
dV (x) |, is the risk evaluation differential quo- 
tient [14, p. 27].8 The risk evaluation quotient 
depends on the preference function for profits, 
e.g., for U=-x it is zero, for U=x-+dz it is 
—6/(1+25E(x)), and for U=In(r), it is 
(1/2) E(r)/[E(r)?+- V(r) |. 


‘This risk evaluation measure is defined as [¢E(x)/ 
aV (x) Ju — [80 /aV Gr) ]/ [3U /ðE(r)], where aU/aE(x) 
>0, and it is the marginal rate of substitution between 
E(x) and V(x) while utility is held constant [14]. 


Table 1 shows optimal rates for these alterna- 
tive preferences and compares them with cor- 
responding ex post optima and the “average” 
function optimum, derived from equation set 
(2), to complete this illustrative example. As 
might be anticipated by comparing the coeffi- 
cients for N? and P? in equation (3.2), nitrogen 
is a relatively risky input and its optimum is 
more sensitive to changes in preference. In fact, 
solution for the quadratic preference function 
involves a non-negative constraint on N. 

Typical of many fertilizer response processes 
[1], the sensitivity of (expected) profits in this 
example is not great. However, predicted vari- 
ances of profit are also reported in Table 1 and 
reveal considerably greater sensitivity to vary- 
ing levels of the controlled inputs. 


Conclusion 


The approach outlined and illustrated is pre- 
sented in the belief that it is applicable to a 
range of situations in response analysis where . 
decisions are intrinsically risky and where few 


, data are available. 


The procedures suggested for smoothing the 
assumed sparse data and for measuring response 
risk are cumbersome compared with conven- 
tional techniques of response analysis that ig- 
nore risk. However, it may be a small price to 
pay for relevance when one recalls the irrele- 
vance of most ex post analysis of individual ex- 
periments in risky decision making. 
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Effect of Public Price Forecasts on Market Price Variation: 
A Stochastic Cobweb Example* 


Davo J. Smyra 


This paper analyzes the effect of less than perfectly accurate forecasting in a stochastic cob- 
web model when public announcement of the forecasts influences suppliers’ behavior. The 
forecasts considered in the analysis reduce the time variance of price, but the forecasts that 
minimize the variance are not always the most accurate. 


effect of less than perfectly accurate fore- 

casting in a stochastic cobweb model 
when public announcement of the forecast in- 
fluences suppliers’ behavior. After presenting a 
deterministic cobweb model and surveying 
previously published work that has used such a 
model to analyze the effect of public forecasts, 
stochastic elements are introduced and the 
model analyzed on the basis of different fore- 
casting assumptions. 


A Deterministic Cobweb Model 


The cobweb model is a familiar one in agri- 
cultural economics. It supposes a lag in the sup- 
ply function such as may arise with an annual 
crop or production of livestock. In the model 
that is set up it is assumed that in the absence 
of publicly announced forecasts, supply in time 
period ¢ is a function of price in time period ¿— 1 
because this is the latest price the supplier has 
available on which to base his production de- 
cision. More complex assumptions could be 
made such as suppliers basing their output on a 
weighted average of past prices [8, 9]. Also 
ruled out is the possibility of storing the com- 
modity. Demand is taken to be a function of 
current price. 

A simple cobweb model may be written: 


(1) St = a + bP 
(2) D: =c¢— P: 


where S and D are, respectively, the quantities 
supplied and demanded; P is the price of the 
product; # denotes the time period; and a, b, 
and ¢ are parameters with 6>0. The demand 
equation has been written with the coefficient 
of price equal to —1. This can be done without 


Ta paper undertakes an analysis of the 


* I am indebted to Marvin Hayenga and an anonymous 
referee for helpful comments on an earlier version of this 


paper. 
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any loss of generality but with reduction in the 
complexity of the mathematical expressions de- 
rived in the paper because the units in which 
price and quantity are measured are necessarily 
arbitrary. The market is cleared by equating 
the quantities supplied and demanded, hence: 


(3) St = Di 


Substituting from (1) and (2) into (3) and re- 
arranging yields 


(4) Pi = (c = a) = bP i. 


This is a first-order difference equation and the 
coefficient of Pı is negative so price and out- 
put will fluctuate about their equilibrium levels 
giving the familiar cobweb pattern in a supply . 
and demand curve diagram. The equilibrium 
level of price is obtained by putting P,= P1 
=P and is 


(5) P = (c — a)/b. 


Fluctuations about the equilibrium position 
will be convergent, perfectly regular, or diver- 
gent, according to whether 4 is less than, equal 
to, or greater than unity. 

In this model there is no publicly announced 
prediction of price so each supplier must make 
his production decision on the basis of his own 
private forecast. It is assumed each supplier’s 
private prediction is that the price ruling in 
period ż is the same as in period :—1. 


Literature Review 


Many authors have used the cobweb model 
to analyze public forecasting. Grunberg and 
Modigliani [4] have shown the following: that 
provided correct private prediction is possible, 
correct public prediction is also conceptually 
possible; that if public prediction does not 


1 For instance, price could be measured in dollars or cents 
and output could be measured in pounds or tons. A change 
in units will merely lead to proportional changes in the 
slopes of the supply and demand functions so that their 
ratio is unchanged. 
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affect the course of events, correct public pre- 
diction coincides with correct private predic- 
tion; and that if agents react to the public pre- 
diction and their reaction alters the course of 
events, the reaction can conceptually be known 
and taken into account.? 

Devletoglou [3] considered the question— 
“Ts correct public forecasting desirable?”’—by 
analyzing the effect of perfect public forecasting 
on the stability of the cobweb model. He con- 
cluded that it was desirable because accurate 
public forecasting accelerated the adjustment 
process in a convergent cobweb, because it 
might change a divergent cobweb into a con- 
vergent one, and because at any point of time 
the deviation from equilibrium was reduced,’ 
even if the cobweb remained divergent. 

Rothschild [10] carried the analysis one step 
further by introducing into Devletoglou’s model 
the more realistic assumption of less than per- 
fect forecasting. He demonstrated that less than 
perfect forecasting will dampen oscillations but 
will lead to permanent irregular movements 
about equilibrium if the forecast is partially 
accepted; and that a fully accepted forecast will 
remove large oscillations, but that permanent 
irregular movements around the equilibrium 
position will occur. 
~ All these studies were in terms of a determin- 
istic cobweb model without stochastic terms in 
the demand and supply functions. The present 
paper extends the analysis further by, allowing 
for stochastic elements.‘ 


1 They show that the boundedness of the variables of the 
predictive system and the continuity over the relevant in- 
tervals of the functions relating the variables to each other 
are sufficient but not necessary conditions for the existence 
of correct public predictions, and that these conditions are 
normally to be fulfilled in the world about which predictive 
statements are to be made. 

3 Note that Devletoglou associated “desirability” with 
reduced fluctuations. This ignores some other aspects of the 
question. For instance, reduction in fluctuations may re- 
duce the average incomes of producers, which may be re- 
garded as “undesirable.” In the present paper we shall con- 
centrate on the positive question of whether public fore- 
casting reduces fluctuations without making any normative 
judgments. 

1 The present paper is concerned with cobweb models. 
Kemp [6, 7], Grunberg and Modigliani [4], and Chiang 
[2] have considered the question of self-validation of fore- 
casts when the subject of forecasts is influenced by the fore- 
casts themselves in a simple macro model. Again, the model 
they use is a deterministic one. In a forthcoming paper I 
shall examine the effect of less than perfectly accurate fore- 
casting within the context of a stochastic macro model. 
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Introduction of Stochastic Elements 
without Public Forecasts 


Introducing stochastic terms into the supply 
and demand functions, the cobweb model be- 
comes: 


(6) Si = a + bPa t te 
(7) D: = c— Pitu ' 
(8) i S = Da 


Substituting from (6) and (7) into (8) and re- 
arranging yields 


(9) Pi = (c — a) — bPa tu — u 


The stochastic terms in equations (6) and (7) 
represent causal factors not specified in the 
model, such as variations in the weather which 
influence output in the case of an agricultural 
supply function and variations in tastes which 
influence the demand function. It is assumed 
that the disturbance terms #, and v; are non- 
autocorrelated random variables with mean zero 
and respective variances cy? and o,*. Then, vari- 
ance of the composite disturbance term in equa- 
tion (9), v.— the, i8 (Cu? tH 0r — 2ravouce), Where Tuv 
is the correlation between t; and v: If u: and v: 
are uncorrelated, the variance of the composite 
disturbance is simply o,?+0,*. The composite 
disturbance term is denoted by w; so that 


(10) 


and its variance is written as ow. Substituting 
from (10) in (9) gives the equation for price as: 


(11) Pi = (c — a) — bPia + we 


Equation (11) is a linear first-order stochastic 
difference equation. Fluctuations in price take 
place about the equilibrium price P. This 
equilibrium price is obtained by putting 
P= Pi1=P and sah and so is given by 


(12) = (c — a)/b. 


A convenient measure of the magnitude of the 
fluctuations in a variable is its variance. In 
equation (11) the asymptotic variance of price 
is 


(13) Var (P) c Ta*/(1 = b3), 


provided the cobweb is convergent (b <1); if the 
cobweb is divergent the variance is infinite.® 


Wi = u — th 


$ The variance of X in a linear first-order stochastic dif- 
ference equation 
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Stochastic Elements with Public Forecasts 


A forecaster is now introduced, and it is as- 
sumed that he makes an econometric estimate 
of the system given by equations (6) to (8). If 
the system is actually as given by (6) to (8), 
and if this system is properly estimated, un- 
biased estimates of the parameters may be ob- 
tained. In general, it is not expected that the 
forecaster would be able to forecast the dis- 
turbance terms in the supply and demand func- 
tions so that he will be unable to forecast the 
composite disturbance w, The best estimate 
that he can make of w, is to assume that it is 
zero. Using (9), his forecast of price P;* is then 
given by: 


(14) Pë# = (c — a) — bP i. 


If this forecast price is not announced, it can- 
not influence suppliers’ behavior, and the vari- 
ance of price is as before. 

Now suppose that the forecast is made public 
and that proportion g of suppliers believe the 
forecast and use it to determine their supply for 
period ¢ where O<g<1.° What effect will an- 
nouncement of the price forecast have upon the 
magnitude of fluctuations in price measured by 
the time variance of price? Note that in this 
section it is assumed that the forecaster does 
not modify his forecast to take account of the 
proportion of suppliers acting upon the forecast; 
this possibility is considered in the next section. 


i) X: = a + BXe1 + 8, 


where a and £ are constants and å is a nonautocorrelated 
random variable with mean zero and variance X%, is 


(i) Var (XY) =e Neways [Loe 
=o i-# 

and 

Gi) O iW = 


where |8] <1 [1, p. 156ff]. Equation (iii) gives the asympto- 
tic variance and it is this that will be used throughout this 
paper; for convenience the adjective “asymptotic” will not 
be used each time “variance” appears. If |8] >1, the vari- 
ance of X is infinite, as the magnitude of fluctuations i in X 
increases without limit in the case of 8<—1 and X grows 
or declines without limit if B>1. Given the variance of the 
disturbance term, the variance of X is decreased or in- 
isp according as |8| is decreased or increased (for 
Bi <D) 
ê g could also be interpreted as including suppliers who 
use (13) privately. 
Since demand depends on current price, announcement 
of the forecast has no effect on the demand schedule. 
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The supply function now becomes’ . 
(15) Si = a + bgP* + O(1 — g) Pra + te 


Substituting for P;* from (14) yields the new 
supply function 


S: = a(i — dg) + bg(c — a) 
+ b(1 — g — bg) Pig + th 


As g is increased from 0, the coefficient of Pi. 
falls until it is zero at g=1/(1+8) and then be- 
comes negative. When g=1 the coefficient of 
P: is b. If price is measured on the vertical 
axis of a diagram and quantity on the horizontal 
axis, then as g increases the supply curve be- 
comes steeper and steeper; at g=1/(1+<8) it 
becomes vertical, and for values of g above 
1/(1+-6) it becomes downward sloping. 
Substituting for 5; from (16) and for D; from 
(7) into the market-clearing equation (8), and 
then substituting for w, from (10) yields the fol- 
lowing equation-for the determination of price: 


Pi = (1 — bg)(c — a) . 
— b(1 — g— bg) Pri + w 


(16) 


(17) 


The parameter g can take values between 0 
and 1, and as g increases from 0 to 1, the coeffi- 
cient of Pı in (17) increases monotonically. 
However, as g is increased, the absolute value of 
the coefficient of P,_; falls from b, when g=0; 
to 0, when g=1/(1+0); and then rises to 83, 
when g=1. The disturbance term in (17) is the 
same as in (11). Thus, comparing (17) with 
(11), if the initial cobweb in (11) is stable, i.e., 
b<1, the variance of price is always reduced by 
the announcement of the forecast. The variance 
of price in (17) is 


Cw" 
1— b1 — g — bg)? 


The extent to which announcement of the fore- 
casts results in reduction in the variance of 
price depends, for given b, on the size of g. As 


(18) Var (P) = 


7 By weighting P,* and Pesin the ratio g to 1—g and 
leaving the supply response coefficient, b, unchanged, the 
equilibrium response of supply to price is left unchanged as 


@ Si = a -+ bP. 


There is no reason to suppose that substitution of the pub- 
licly forecasted price for the suppliers’ own forecast price 
will alter the magnitude of the supply response to price. 
Similarly, there seems to be no reason why the disturbance 
term should be changed. 





Variance of price: forecaster ignoring sup- 
pliers reactions to forecasts 


Figure 1. 


g increases from 0 to 1/(1+-b) the variance of 
price falls, and when g=1/(1+6) the variance 
of price is o,,%, which is the variance of w. This 
is the minimum variance of price that may be 
obtained given that w: cannot be forecast. It 
corresponds to a vertical supply curve (the 
coefficient of P:.1 equal to zero in (16) so that 
changes in price induce no changes in output). 
As g increases to 1, the variance of price in- 
creases to oy?/(1—5*) which is still less than that 
` for g=0, as bt is less than b. Note that for values 
of g greater than 1/(1+0) the coefficient of 
P:i is positive. This means there is no longer 
a cobweb model; if w, were to be held constant, 
then price would approach an equilibrium 
asymptotically. This results from the supply 
curve, equation (16), being downward sloping 
in this range. 

If the cobweb without announcement of the 
forecast is divergent, i.e., b> 1, then there are 
some values of g for which the system becomes 
stable. The absolute value of the coefficient of 
Pı in (17) is less than 1 for (b—1)b(1+b) 
<g<1/b, so that the variance is finite. As be- 
fore, the variance of price assumes its minimum 
value, ou, when g=1/(i+6). Also as before, 
there is no cobweb for values of g greater than 
1/(1+4); if w: were to be held constant, price 
would move asymptotically towards an equilib- 
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rium for 1/(1+8)<g<1/b and move continu- 
ously away from its equilibrium value for 
1/b<g<i. 

The extent to which public announcement of 
the forecast reduces variance of price depends 
on the size of b and g. Figure 1 illustrates how 
announcement of the forecast may reduce vari- 
ance of price and how variance changes for dif- 
ferent values of g. Note that the value of g 
which minimizes the variance of price, g=1/ 
(1+6), falls as 6 rises. Minimum variance of- 
price occurs with g greater than or less than 0.5, 
according to whether ġ is less than or greater 
than 1. Thus, a highly unstable cobweb may be 
stabilized by announcement of the forecast if 
the proportion of suppliers acting on the fore- 
cast is small.’ 


Modification of Forecast to Account 
for Suppliers’ Response 


So far it has been assumed that the forecaster 
does not take into account the possible effect 
upon suppliers of the announcement of his fore- 
cast. It is now assumed that the forecaster 
knows the value of g and takes it into account 
in making his forecast. This may perhaps be 
viewed as the second stage in the making of 
forecasts. In the first stage (described in the 
previous section) the forecaster had no data on 
which to base his estimate of g. Now, enough 
time has elapsed for data to be accumulated so 
that he may estimate g. 

Making use of (7), (8), and (15) and putting 
the disturbance terms equal to zero, the fore- 
caster’s prediction will be 


(19) P.* = (c — a) — bgP* — (1 — g) Pe. 

Rearranging will give: 

peek eS. 
1 + bg 1 + bg 


Substituting for P,* in (15) gives for the supply 
curve 


(21) 


i—1- 


(20) 


a+ beg. b(1 — g) 
1 + bg by 1 + bg 
and combining (21) with (7) and (8) yields the 

following expression for price: 
c—a b(1 — g) 
1+ög 1+, 


8 The above analysis has dealt solely with the variance of 
price. But exactly the same conclusions may be reached 
concerning quantities. 


Sy = Pry t+ ty, 


(22) P= Prat we 
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If g=0 the same result is obtained as without 
forecasting, as in (9). As g is increased from 0 
to 1, the absolute value of the coefficient of 
Pı declines monotonically to take the value 
0 for g=1. Note that the sign of the coefficient 
of Peis negative for all values of g between 0 
and 1 so there is a cobweb process throughout; 
this is so because the coefficient of Pı in the 
supply curve (21) is positive for 0<g<1. The 
variance of price is finite if the abolute value of 
the coefficient is less than 1, i.e,. if g> (b— 1)2b, 
in which case the variance is given by 


(23) Var (P) ar A 
~~ (+g 


The variance of price declines monotonically as 
g increases. Figure 2 illustrates how variance of 
price is reduced as g is increased for different 
values of 6.9 

When the forecaster takes into account the 
reaction of suppliers to his forecast, he is mak- 
ing the most accurate forecasts of price as are 
possible if he cannot forecast the disturbance 
term for [using (20) and (22) ]: 


* It can also be shown that the variance of quantity be- 
haves similarly to that of price. 





Figure 2. Variance of price: forecaster incorporating 
suppliers’ reactions to forecasts 
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jarience froa (18), b= 2 
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Variance fros (13), b= 2 





Figure 3. Variance of price: alternative forecasting 
procedures 


(24) Py Pe = W 

However, it does not follow that forecasting as 
accurately as possible necessarily minimizes the 
variance of price for given g. This is easily 
proved. For any given value of b the variance of 
price yielded by forecasting as accurately as 
possible, i.e., using (20), is greater than cw? for 
all g less than 1. But for forecasts using (14), 
there is some value of g less than 1 that reduces 
variance of price to o,”. Figure 3 reproduces the 
curves for b=2 from Figures 1 and 2. It ilus- 
trates that for some values of g the variance of 
price is greater if the forecasts are made from 
the more accurate (20) than if they are made 
from (14) which ignores suppliers’ reactions. 


Conclusions 


This paper has analyzed the effect of public 
announcement of forecasts in a stochastic cob- 
web model. It was assumed that the forecaster 
knew the demand and supply parameters but 
was unable to forecast the stochastic term. It 
was assumed first that the forecaster ignored 
suppliers’ reactions to announcement of his 
forecasts and second that these were taken into 
account. In both cases it was found (1) that if 
the variance of price was finite without an- 
nouncement of the forecasts, then the variance 
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was reduced by public announcement of the 
forecasts; and (2) that if the variance without 
the forecasts was infinite, announcement of the 
forecasts might make the variance finite. Hence, 
it may be concluded that in the model investi- 
gated public announcement of the forecasts 
tends to stabilize prices. The extent to which 
announcement of the forecasts reduced the 
variance of price and, hence, had a stabilizing 
effect depends on the proportion of suppliers 
believing the forecast. Since minimum variance 
of price was obtained with less than all sup- 
pliers believing the forecast when the forecaster 
did not take suppliers’ reactions into account, 
and with all suppliers believing the forecast 
when the reactions are taken into account with 
the forecast, the variance of price can be lower 
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These conclusions have been reached using a 
particular and fairly simple dynamic model. 
They may not hold in more complex models. 
There are various ways in which the model used 
in this paper could be made more elaborate. For 
example, supply and demand relationships 
could be assumed to shift in nonrandom manner 
over time; a more complicated cobweb model 
and alternative assumptions about expectations 
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add considerably to the mathematical complex- 
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On Some Determinants of Farm Size Across Countries* 


Yukon HUANG 


Several measures of average farm size are developed, using resource endowment, degree of 
industrialization, factor proportions as the explanatory variables for 53 countries, The three 
determinants explain much of the variation in ayerage farm size, using cross-sectional regression 


techniques. 


VERAGE farm size varies tremendously 
A across countries. Is this variation a 
purely random phenomenon, primarily 
determined by noneconomic variables such as 
laws of inheritance, historical consequences of 
landlord-tenant relationships, or government 
policies restricting or increasing farm size; or 
are there certain quantifiable economic deter- 
minants operating across all countries? To the 
author’s knowledge, this question has never 
been empirically examined. 

To define what is meant by farm size is diffi- 
cult, and to quantify or classify all possible de- 
terminants would seem a monumental task. 
The method here is to develop several measures 
of average farm size and three determining vari- 
ables for a sample of 53 countries. The basic 
hypothesis is that farm size patterns have 
evolved under the influence of political, social, 
and economic conditions which vary greatly 
among countries. Social and political factors are 
less easily generalized and quantifiable, but the 
three economic factors selected may prove to be 
of sufficient importance to merit their study in 
isolation. 

It is generally realized that policies affecting 
size of faims have important normative and 
positive economic consequences [1, 2, 9]. In the 
developing nations farm size is related to ques- 
tions of land reform and desires to redistribute 
wealth with hopes that productivity will not be 
damaged. In the developed nations where large 
farms are rapidly dominating agriculture, the 


question is one of efficiency in production versus" 


society’s view that modest-sized “family farms” 
are desirable for social and political reasons. 
Given the considerable controversy as to 
whether farms should be large or small, it would 
be interesting to see if differences in size across 


* The author is indebted to an anonymous referee and the 
editors for helpful comments. 


Youxon Huane is assistant professor of economics at the 
University of Virginia and Rockefeller Foundation visiting 
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countries can be explained in terms of differ- 
ences in economic conditions. 


Concepts and Data 


This study focuses on three variables whose 
effects on farm size can be presented in a very 
simple framework. Since many of these ideas 
have been adequately developed elsewhere [1, 
2, 7, 9, 10], a more rigorous discussion would 
appear unnecessary. 


Resource endowment 

Imagine a country in the very early stages of 
development with the overwhelming majority 
of the population economically dependent on 


‘the land. There are negligible employment op- 


portunities in the nonagricultural sector. Aside 
from the effects of particular social and political 


factors, the average size of farms is primarily 


determined by the population land ratio, cal- 
culated as the ratio of the total population in 
1960 to the total agricultural land in hectares, 
using data from [4, 13]. The force at work in- 
volves competition among the population for 
the scarce resource or agricultural land. The 
greater the population land ratio, the poorer the 
resource endowment and the smaller the aver- 
age farm size. 
Industrialization 

As job opportunities are created in the non- 
agricultural sector, migration out of agriculture 
will occur. This migration will release land to be 
used by the remaining farmers, thus increasing 
farm size. As a measure of the extent of non- 
agricultural employment opportunities, the per- 
centage of GNP which originates from the non- 
agricultural sector in 1960 [14] is used and will 
be referred to as the GNP industrialization 
ratio. An alternative measure will be the per- 
centage of the male labor force in nonagricul- 
tural activities in 1960 or the labor industrial- 
ization ratio [11]. Less weight is placed on this 
measure because of data limitations, although 
conceptually it may be more accurate. In 
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several cases labor censuses were unavailable 
for the appropriate year and interpolation or 
extrapolation was needed. In addition, labor 
force data differ somewhat in concept and cov- 
erage among countries. 


Factor proportions 


As development proceeds, there is a change 
in relative factor proportions in agriculture due 
to changes in relative factor prices as the cost of 
capital relative to labor falls and to changes in 
the nature of the production function which 
make use of capital more profitable [7, pp. 567- 
570; 6, Ch. 6]. Greater use of capital inputs in- 
creases fixed costs in farming and increases 
optimal farm size as determined by the min- 
imum point on the average cost curves. Assum- 
ing profit-maximizing behavior, farms should 
gravitate toward the optimal size. As a measure 
of differences in relative factor proportions, 
ratio of tractor horsepower to the male agricul- 
tural labor force in 1960 is used. This variable 
will henceforth be referred to as the tractor 
labor ratio. Labor data came from [11] and 
tractor horsepower data from [6, Appendix A] 
and from the author’s calculations based on 
[5]. The method was to aggregate farm tractors 
and garden tractors by assigning weights of 30 
and 5 horsepower, respectively, the same 
method used in [6]. 

Choosing a measure of farm size is somewhat 
arbitrary even assuming that all appropriate 
information is available. Area cultivated, out- 
put, or input levels may all be used depending 
upon one’s purposes; moreover, it is difficult to 
define conceptually a farm “unit” in terms of 
ownership or functions.t The choice is necessi- 
tated by the available data and concepts in the 
1960 FAO Census of Agriculture,? which classi- 
fies agricultural land into five categories: 
arable land or land under temporary crops 
(growing cycle less than one year) or tempo- 
rarily fallow; land under permanent crops (gen- 
erally trees or shrubs) ; permanent meadows and 
pastures; wooded land; and other land. The five 
categories are defined as the total agricultural 
land. 

In deriving a measure of farm size, the Cen- 


1A farm may be one man farming one hectare, a large 
corporation, a village with collective ownership, or a state 
farm. The land may be rented, owned, partially owned, or 
unclaimed. : 

2 The concepts are presented in [4, Vol. IL]. Most of the 
censuses were taken during 1958-63. Data for four countries 
were taken from provisional reports presented in [3]. 
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sus’ concept of an agricultural holding is used. 
A holding is all land' used wholly or partly for 
agricultural production and operated by one 
person, alone or with the assistance of others 
without regard to title, size, or location. Divid- 
ing the total agricultural land area (in hectares) 
by the total number of agricultural holdings 
gives the average agricultural form size. This 
variable probably comes closest to the normal 
concept of farm size generally referred to in the 
literature. It has the disadvantage in aggregat- 
ing over a wide variety of crops and environ- 
mental and technical conditions, and making 
no distinctions as to whether the land is cul- 
tivated or fallow, wooded or pasture. To allevi- 
ate some of these problems, several other defini- 
tions of farm size were developed. The Census 
reported in each case the number.of holdings 
growing a specific temporary crop on arable 
land and the area cultivated. For each country 
the total area for the five most important crops 
was divided by the total number of’ holdings 
growing these crops to yield the average arable 
form size. It has the advantage in including only 
cultivated arable land and being restricted to 
the most important crops. It is not, however, a 
good measure of farm size in the normal sense 
since a typical farm may grow several crops and 
also leave much of the land fallow. 

Since environmental and technological re- 
quirements, which vary according to the type 
of crop, may influence farm size, some stan- 
dardization is possible by deriving two other 
measures. The two most frequently grown crops 
in the sample are wheat and rice. The total area 
under each crop is divided by the number of 
holdings growing each crop to derive an average 
wheai farm size and an average rice farm size. In 
addition, two measures of farm size based on 
livestock are calculated. The total heads of 
cattle are divided by the number of holdings 
owning cattle to give a meaure of average catile 
Jarm size. The same method yields an average 
chicken farm size. 

Since any particular concept of farm size is 
arbitrarily determined, a criterion used here as 
to whether the three variables can explain a sig- 
nificant proportion of the variation in farm size 
is whether they have significant explanatory 
power for all six of the above measures. If so, it 
is concluded that the variables are important in 
determining average farm size, regardless of the 
particular concept chosen to measure it. 

Sample size in this study ranges from 53 
countries to 29, depending upon the dependent 
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variable, and covers most of the regions in the 
world with the exception of sub-Saharan Afri- 
can countries where the nature of land tenure 
systems makes the concept of the farm size 
irrelevant. 


Empirical Findings and Implications 


Since there is no a priori basis for predicting 
the exact form of the regressions, plots of the 
data and a study of the correlation coefficients 
were used. These efforts indicated a nonlinear 
relationship. The best fit appeared to be a semi- 
log equation of the form: 


Log ¥=a+6R+cl + dF 


where Y is one of the six measures of farm size 
and the three explanatory variables are those 
measuring resource endowment, industrializa- 
tion, and factor proportions. For consistency, 
this form is used for each of the six measures of 
farm size. Two regressions are run for each mea- 
sure, the difference being the use of either the 
GNP industrialization ratio or the labor indus- 
tralization ratio as indicators of the extent of 
nonagricultural employment opportunities. The 
results are presented in Table 1. 

For the four crop measures for farm size, sta- 
tistical significance and explanatory power of 
the three independent variables are consistently 
good.* These three variables are able to explain 
more than 50 percent of the variance in each 
case—a rather surprising result, given that this 
ig a cross-sectional analysis of a very complex 
phenomenon.‘ The results are understandably 
slightly poorer for the livestock measures. For 
cattle farm size, the factor proportions variable 
may be less significant because of differences in 
the type of production function for that in- 
dustry versus crop production.’ For the chicken 


3? The semilog specification was generally the best in all 
cases except for the average agricultural farm size where a 
log-log specification increased the ‘R* to above .90 and the 
t-values for all three independent variables were higher. 

$ As an alternative to the population land ratio as a mea- 
sure of resource endowments, some regressions were run 
using the male agricultural labor force to land ratio. This 
variable generally yields poorer results due to multicol- 
linearity because the labor-land ratio is highly correlated 
with the industrialization variable while the population- 
land ratio is not. This is somewhat predictable since the 
labor-land ratio is influenced by the extent of industrializa- 
tion which affects the labor force in agriculture. The labor- 
land ratio thus captures part of the effects of both the re- 
source endowment variable (the population-land ratio) and 
the industrialization variable. 

* Capital inputs may be less important in cattle farming 
but still important in poultry raising. Tractor inputs are 


Farm SIZE Across COUNTRIES 


Empirical results 


Table 1. 


Log Average 
Chicken Farm 
Size 


Log Average 
Cattle Farm 
Size 


Average 
Rice Farm 
Size 


Lo 


Size 


Wheat Farm 
—0.288 


Log Average 


e 
arm 


by 


Log Av 
Agricultural 
Size 


D dent 
Variable 





Log Average 
Arable Farm 
Size 





—0.224 


(—0.19) (—0.28) 


0.417 
(0.86) 


0.183 
(0.19) 
—0.149 


0.612 1.976 
(0.60)* (4.00) 
(—3.20) 


—0.281 


(— 6.66) 


Intercept 


—0.166 —0.168 —0.191 —0.020 —0.039 
(—3.16)  (—3.63) (—4.09) (—0.46) (—0.87) 


—0.146 
(—2.55) 


—0.216 
($3233) (—3.55) 


—0.208 


—0.154 
(—3.30) 


—0.304 
(— 6.88) 


Population Land Ratio 


2.367 
(1.53) 


1.639 1.917 2.592 
(0.85) (1.10) (1.61) 


0.678 
(0.55) 


3.261 
(2.41) 


GNP Industrialization Ratio 


2.758 2.374 1.987 
(2.42) (2.26) (1.90) 


2.134 


0.537 
(0.62) (1.62) 


2.203 
(2.31) 
0.038 
(1.36) 


Labor Industrialization Ratio 


0.054 


0.066 0.075 0.054 0.086 0.058 0.034 0.015 0.065 
(2.72) (4.78) (3.00) (1.99) (1:26) (0.53) (2:46) (1.94) 


(2.80) 


0.070 
(3.38) 


0.053 
(2.28) 


Tractor Labor Ratio 


/ 


.61 


.59 


„51 


„S1 


.62 


.62 


R 


31 30 30 36 36 29 29 


31 


53 


Sample Size 














91 


a Figures in parentheses are -values. 


92 / HUANG 

farm size, the resource endowment variable 
may be insignificant since land is not an impor- 
tant constraint in that industry. 

Since the empirical results are consistent for 
each of the four crop measures and compatible 
with the implications of the livestock measures, 
it is concluded that the three economic factors 
explain a large portion of the variance in farm 
size if measured in terms of crop area. Within a 
“stage of development” framework, one can 
view farm size as being initially determined by 
a country’s resource endowment, which over 
time may change with population growth and 
clearing of land. With development, increases in 
nonagricultural employment opportunities and 
changes in technology and factor proportions 
will cause pressures for farm size to increase. 

An implication of the findings of this study is 
that there is no one optimal size for all coun- 
tries. Moreover, the optimal size for any one 
country will be constantly changing in response 
to dynamic conditions. As for the near future, 





obviously not the proper conceptual measure of the use of 
capital in the poultry industry but may be closely cor- 
related to the actual capital used in that industry. 
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it is predicted that in many LDC’s average farm 
size will not change significantly. Industrializa- 
tion has encouraged heavy rural-urban migra- 
tion, but the rate of job creation has been dis- 
appointing and migration may be less severe in 
the future. Changing factor proportions are not- 
likely to be significant in LDC’s since capital is 
not likely to get cheaper, relative to labor, for 
many years. The increasing population, how- 
ever, coupled with land scarcity will alter re- 
source endowment so as to reduce farm size. 
The net effect of all three factors will probably 
be small. In the more developed countries, 
changing factor proportions and continued 
rural-urban migration, coupled with minor pop- 
ulation pressures, will continue to increase farm 
size even in the presence of neutral government 
policy.’ 

6 Further research on the determinants of farm size pat- 
terns would appear to be very interesting. For example, 
why do land tenure patterns differ so much across countries 
and does this affect farm size? Why is the distribution of 
farms according to size go different across countries and will 
it be affected by development? This study has focused on 
the mean, but analysis of the extremes is an equally impor- 
tant issue. 
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An Evaluation of Short-Term Forecasts 
of Coffee and Cocoa 


J. Kuwsart Dierricn anp ALFREDO D. Gutrerrez* 


Predictive performance of short-term forecasts of production is evaluated using a technique 
which minimizes the average squared difference between actual and forecast values. Forecasting 
errors are decomposed into two components reflecting the forecast system and a residual com- 
ponent. Many forecasts resulted in underestimation and contained large but unsystematic errors. 


xports of coffee and cocoa are an impor- 

tant source of foreign exchange to many 

Latin American and African nations. 
These tree crops are also of vital importance to 
the economic well-being of numerous peasant 
smallholders. Accordingly, there has been 
great concern with the export-earning prospects 
of various producing nations. Agencies and 
organizations such as the United States Foreign 
Agriculture Service (FAS) and the United Na- 
tions Food and Agricultural Organization 
(FAO) publish short-term forecasts of produc- 
tion in the growing regions [1, 3, 11, 12]. Pre- 
sumably these forecasts contribute to the 
policy decisions of private importers, marketing 
boards, and producing nations’ governments. 
Up to the present, however, few systematic 
evaluations of these forecasts have been con- 
ducted. Their predictive performance is there- 
fore comparatively unknown. 


Available Forecasts 


For coffee, it appears that the most easily 
available and probably the most widely circu- 
lated annual forecasts are those made by the 
FAS [12]. These official U. S. Government esti- 
mates are used often in the coffee trade and 
probably have considerable influence among 
groups that may not have access to some of the 
sources consulted by the FAS in preparing its 
estimates. In addition, the International Coffee 
Organization (ICO) makes short-run forecasts 
that are not publicly available, and George G. 
Paton and Co. of New York has published 
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short-run forecasts since the mid-1960’s. 

The FAS prepares four annual estimates of 
total production and exportable production 
(estimated total production minus estimated , 
consumption in producing countries) for the 
coming coffee year, which extends officially 
from October 1 to September 30. Harvesting 
and exporting seasons, however, vary widely 
from country to country. The first estimate, 
labeled E1 by the FAS, is made the preceding 
June, the second, E2, in September, the third, 
E3, in December, and the fourth, E4, in 
March—six months into the coffee marketing 
year. 

Estimates are prepared on the basis of infor- 
mation supplied by official government statis- 
tics of the producing nations, national coffee 
agencies and marketing groups, as well as field 
reports from U. S. agricultural attachés and 
Foreign Service officers who conduct surveys in 
the producing areas with private producers, 
exporters, and other informal contacts. Each 
new estimate entails corrections of the initial 
figures as more accurate reports come from the 
field, marketing of the new crop proceeds, and 
new developments arise. The fourth estimate is 
not considered final since revisions continue for 
months afterward until a final published figure 
is determined. These figures are the main source 
of most of the production data used by the 
Pan-American Coffee Bureau in its publica- 
tions [9]. FAS does not appear to generate or 
use these estimates with any specific purpose 
other than to disseminate information to those 
interested in current development of coffee pro- 
duction. 

For cocoa, the published forecasts referred to 
were those of (1) the FAS [11, 14]; (2) the 
Cocoa Study Group, Statistics Subcommittee, 
of the FAO [3]; and (3) Gill and Duffus, Ltd., 
of London [5].? 

1 The estimates are published in [12] each July, October, 
January, and April. 

? The FAS forecasts are published regularly in [14], with > 
projections in the February, October, and December issues 
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Each of these agencies uses a similar survey 
technique of forecasting, and evidently some 
overlap exists in their sources of information. 
Each relies on sources of information within the 
producing country: government officials, agents 
of large commercial users of cocoa, and semi- 
official interested groúps (e.g., marketing 
boards). In addition, FAS uses the reports of 
U. S. foreign agricultural attachés for produc- 
ing regions, who in turn probably rely on 
the types of sources mentioned earlier. Fac- 
tors such as extent of spraying against pests, 
weather, producer prices, disease control, etc., 
and their effects on production prospects are in- 
corporated in the forecasts in a judgmental 
manner. 

Contrasting to the foregoing rather informal 
forecasting techniques is the cocoa production 
forecast prepared and submitted to the FAO 
by the Ministry of Agriculture, Rural Statisti- 
cal Service, of the Ivory Coast. In a procedure 
apparently unique to the Ivory Coast, forecasts 
are based on a sample of approximately 400 
standardized producing units throughout the 
country and utilize a simple pod count (with 
pods divided into two size classes) as a basis for 
production estimates in the sample units. These 
estimates are inflated to achieve a national 
production forecast [2, 4]. 

No regular review of these various forecasts is 
undertaken to determine their degree of relia- 
bility. Moreover, little communication seems 
to exist between forecasting agencies and users 
of the forecasts. 


Forecast Evaluation 


Ideally, the criterion of forecasting per- 
formance can be defined in terms of the loss 
function of the user of the forecasts. Moreover, 
from a technical standpoint, it would be desir- 
able to detail the sources of the deviations from 
realized values as can be done with long-run 
projections which employ structural models. 
However, these alternatives are not available 
for the informal forecasting procedures being 
reviewed here. The method selected for deter- 
mining absolute accuracy was devised by Min- 
cer and Zarnowitz [8]. This method can be used 
to analyze forecasts not formulated by means 


and in [11] in March and November. FAO forecasts ap- 
pear quarterly in [3]. Gilland Duffus, Ltd. [5], published 
quarterly, is the source of these limited-circulation fore- 
casts. 
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of an explicitly stated model that can be repro- 
duced to test its predictive power. 

Essentially, the Mincer-Zarnowitz technique 
takes as the goal of forecasting the minimiza- 
tion of the mean-square-error (MSE), that is, 
the average squared difference between the. 
actual and forecast values. The sample MSE 
is defined as: 


A-E 
MSE = E cae 
ted N 


where A; are actual values; E,, forecast values; 
and N, the number of observations. This is a 
measure of dispersion around the line of perfect 
forecast (LPF), which can be conceived as a 45° 
line through the origin, and it is used to analyze 
absolute forecast accuracy. A least squares 
straight line must be fitted to a scatter diagram 
of actual realization (A,) and estimates (E): 


Ay = a + BE: 


Ideally, the entire regression line should coin- 
cide with LPF. If the forecast is unbiased but 
the regression line does not coincide with LPF, 
it must intersect the LPF at the mean of A. At 
ranges below the mean realizations are, on 
ayerage, under- or over-predicted. The opposite 
tendency applies above the mean. The greater 
the divergence of the regression line from the 
LPF, the stronger this type of error. The larger 
the deviation of the slope of the regression line 
from unity, the less efficient the forecast. 

The sample MSE can be decomposed as fol- 
lows: 


use = $ ÉE a- 


+ (1 — Ss? + (1 — Ras’)Sa?, 


where A, E are the sample means of actual and 
forecast values; S4? and Sp? are their respective 
sample variances; ĝ is the slope of the regres- 
sion line; and R? is the coefficient of determina- 
tion. The first component on the right may be 
termed the mean component (MC), the second 
the slope component (SC), and the third the 
residual component (RC). If the forecast is 
unbiased, MC=0; if it is efficient, SC=0. In 
forecasts which are both unbiased and efficient, 
MC and SC disappear, and the MSE equals the 
residual variance (RC). MC and SC can be 
interpreted as that portion of error resulting 
from systematic tendencies of the forecast sys- 
tem. In dealing with limited samples of esti- 
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mates and realizations, the calculated MSE’s, 
their components, and the regression statistics 
are all subject to sampling variation. Thus, 
even if the estimates are unbiased and efficient 
in the population, the sample will show unequal 
means of estimates and realizations, a nonzero 
intercept in the regression of A on E, a slope 
different from unity, and nonzero mean and 
slope components. 

To determine whether the forecasts are un- 
biased and/or efficient, tests of statistical sig- 
nificance are required. The test that E is both 
unbiased and efficient is the test of the joint 
null hypothesis: æ =0, 8 = 1. The test of efficiency 
is the test of the null hypothesis: 8 =1. 

To give some idea of overall forecast ac- 
curacy, the square root of the MSE has been 
computed and expressed as a percent of the 
actual mean value. While it is tempting to use 
the R? resulting from the regressions as some 
measure of forecast accuracy, the R? is not a 
reliable guide since in the above analysis it 
merely represents errors explained by a linear 
adjustment of the forecast series. 

The Mincer-Zarnowitz technique is not 
without its difficulties. First, this analysis 
evaluates forecasts only in terms of systematic 
errors. It does not establish a criterion for 
choosing between good and bad forecasts except 
in a few unambiguous cases where an unbiased, 
efficient forecast with a small MSE can be 
chosen over a biased, inefficient forecast with a 
larger MSE. More likely is the case where one 
forecast may have a small MSE but a large 
relative. MC and SC, while another unbiased, 
efficient forecast (small MC and SC) has the 
same or larger MSE representing unsystematic 
errors. In other words, large random errors that 
cannot be reduced by a linear adjustment of the 
forecast may result in a low correlation between 
forecast and actual values and yet have very 
small mean and slope-component errors. 

A second problem is raised by the inherent 
quadratic loss function arising from use of the 
MSE criterion. One result is that the analysis is 
symmetric with respect to type of error; that is, 
a downward or an upward bias or either type 
of inefficiency is evaluated equally. There is no 
reason, however, to expect that any of the user’s 
loss functions would be symmetric. For exam- 
ple, from the standpoint of decision makers, 
planning for more world production (and lower 
price expectations) than is realized would not 
necessarily cost the same as consistently under- 
estimating world production. 


COFFEE AND Cocoa Forecasts / 95 


Coffee Forecast Evaluations 


Four annual FAS coffee exportable produc- 
tion forecasts were analyzed? for each of the 
five leading producing countries and for the 
three regional producing areas (Table 1). In 
general the statistical tests of the joint null 
hypothesis for bias and inefficiency indicated 
that few of the annual estimates could be re- 
jected as being significantly different from the 
null hypothesis (a2=0, 8=1). Except in the case 
of Brazil, the analysis revealed a tendency to 
underestimate low values and overestimate 
large values. However, the results were not 
statistically significant for any of the cases. For 
all individual countries and regions analyzed, 
rejection of the joint hypotheses occurred in 16 
percent of the cases: E2, E3, and E4 for Colom- 
bia, E1 for Angola, and E1 for the Rest of Africa. 
The null hypothesis 6=1 was also rejected in 
16 percent of the cases: E2, E3, and E4 for 
Colombia, E1 for Angola, and E3 for the Rest of 
Africa. This indicated that the main cause of 
poor performance in forecasting was due to 
inefficiency rather than bias. 

For each forecast mentioned, Table 1 shows 
the difference between the actual and forecast 
means, giving the direction of bias, the square 
root of the MSE over the mean of the actuals, 
and the MC, SC, and RC of the MSE. These 
details are all expressed in percentage form. The 
last column of Table 1 designates whether the 
test of bias and efficiency indicates rejection at 
the 95 percent confidence level. 

On the average, the MC accounted for 8.1 
percent of the MSE, the SC 12.8 percent, and 
the RC 79.1 percent of the error. Although 81 
percent of the estimates showed a downward 
bias, this bias was statistically significant in 
only two cases: El for Angola and E1 for the 
Rest of Africa. The square-root MSE measure 
showed that the great majority of estimating 
errors decreased with each new estimate for 
that year, as expected. The largest forecasting 
errors occurred in the Ivory Coast and the 
smallest in Other Western Hemisphere. The 
FAS estimates generally were very good by 
the absolute accuracy standard. This is not sur- 
prising since the FAS estimates are made close 
enough to the harvesting season in most coun- 
tries and revised often enough that crucial 
factors such as frosts, droughts, and rain dam- 


? The complete results of the analysis described in this 
and the following section are available from the authors by 
request. 
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Table 1. Summary of analysis of mean-square error of FAS short-term forecasts for coffee 
D ition of E “oot Pde 
: ¢ ecom) on O: rror oreca as 
Producing Countries and Areas son pi SUSE is Mean Biased 
Ez MC SC RC ‘Actual. Bias and 
Mean Inefficient 
Brazil ý E1 4.04% -33% 95.63% 22.54% 4.53% No 
E2 .09 6.40 93.51 16.72 — .49 No 
E3 10.55 12.35 77.10 12.44 —4.04 No 
EA 10.75 7.62 81.63 5.86 —1.92 No 
Colombia ` El 4.41 5.72 89.87 9.93 2.08 No 
E2 .32 46.93 52.75 6.50 — .37 Yes 
E3 2.24 58.04 39.73 7.42 —1.ii Yes 
E4 9.43 40.17 50.40 6.67 —2.05 Yes 
Ivory Coast - Et 13 51 99.36 23.83 — .85 No 
f E2 1.54 .91 97.55 20.94 2.60 No 
E3 1.50 1.63 96.87 20.40 2.50 No 
E4 .20 2.26 97.54 15.20 — .68 No 
Angola El 18.49 14.73 66.78 19.67 —8.46 Yes 
E2 5.63 24.74 69.62 13.61 —-3.23 No 
E3 4.04 20.41 75,56 9.34 —1.88 No 
E4 Al 19.73 80.16 5.96 — .20 No 
Uganda Ei 11.49 3.87 84.64 19.28 —6.54 No 
E2 7.15 5.83 87.02 15.63 —4.18 No 
E3 12.51 8.56 78.93 14.56 —5.15 No 
E4 7.46 ` 12.69 79.85 13.33 —3.64 No 
Other Western Hemisphere El 64 12.61 86,76 6.12 — 49 No 
E2 7.43 12.34 80.24 5.99 1.63 No 
E3 4,16 10,29 85.55 5.68 1.16 No 
E4 2.14 2.71 95.15 4.30 — .63 No 
Rest of Africa El 50.50 3,10 46.40 8.72 —6.20 Yes 
: E2 24.37 1.89 73.74 5.94 —2,93 No 
E3 6.56 25.79 67.64 6.34 —1.62 No 
, E4 26.52 .90 72.58 5.05 —2.60 No 
Asia and Oceania El 15.15 4.64 80.20 22.23 —8.65 No 
E2 4.57 10.39 85,04 15.26 —3,26 No 
E3 .96 14.59 84, 44 15.52 —1.52 No 
E4 3.95 15.58 80.47 14.63 —2.91 No 
All areas except Brazil : El 16.46 2.32 81.22 5.92 —2.40 No 
E2 4.22 17.61 78.17 4,38 — .90 No 
E3 3.91 18.34 77.75 4,91 — .97 ' No 
E4 12.78 15.70 71.52 4,88 —1.75 No 
All producing areas E1 .08 .36 99,56 10.57 .30 No 
E2 .95 2.70 96.35 7.71 — .75 No 
E3 9.74 5.98 84.28 6.62 —2.07: No 
E4 15.55 5.88 78.56 4.58 —1.81 No’ 





age can be taken into consideration. 

The general tendency for underestimation of 
actual production could be attributed to a 
natural reaction of producers to make low esti- 
mates of yearly crops with price considerations 
in mind. Another reason might be that the trend 
toward more peasant smallholders and smaller 
producing units [7] has made it more difficult 


to keep track of production. Finally, price ex- 





pectations induced by the forecasts may pro- 
voke a production response.‘ 

The tendency in Brazil to overestimate low 
values and underestimate large ones can be 
attributed to the great variability of production 
in that region. Rourke [10], using essentially 


4 For an analysis of this issue in the context of the sta- 
tistical reporting of U. S. farm commodities, see Hayami 
and Peterson [6]. 
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the same data, found that 86.13 percent of the 
total variability in year-to-year changes in all 
producing areas’ production was contributed 
directly by Brazil. The poor forecasting per- 
formance for Colombia was also noted by 
Rourke. He attributed this result to the diver- 
sity of production conditions in that country, 
with large differences in elevation and climatic 
conditions making coffee yields difficult to 
predict. A correction factor accounting for 
these conditions does not seem feasible due to 
the random nature of the forecast errors. 

Two areas where the downward bias was 
Statistically significant can be traced to large 
underestimates in those regions for particular 
years. For Angola the first annual estimates for 
the coffee years 1960-61 and 1961-62 showed 
underestimates of almost 1 million bags each 
year. This is large considering that Angolan 
production was around 2.75 million bags in 
both years—an increase of more than a million 
bags over the previous years. The same is true 
for the Rest of Africa for the years 1958-59 and 
1959-60. These years are very significant since 
they mark the beginning of a sharp expansion 
of output due to increased new plantings during 
the 1950’s as producers reacted to the high 
prices that existed during the first half of the 
decade. 

The FAS estimates performed relatively well 
in predicting annual exportable production. 
However, the analysis was only an initial step 
in the evaluation of short-term forecasts. Sev- 
eral important questions remain unanswered. 
More information is needed regarding the pre- 
cise methods used by foreign agricultural at- 
tachés and the FAS in generating their data, to 
determine how the consistent pattern of under- 
estimation arises. Knowledge of the source of 
this error should lead to better forecasts by 
introducing a correction factor into the country 
estimates. If the reason for this underestimation 
is the increasing number and size of small- and 
medium-size producing units, it should be pos- 
sible to find a correlation between changes in 
the number and size of growing units and the 
magnitude of the underestimation. 

Another important question left unanswered 
is the poor performance of forecasts in the case 
of Colombia. As noted above, the various cli- 
matic and elevation conditions prevailing there 
may make forecasting difficult. But this expla- 
nation has not been substantiated to any ex- 


tent. In addition, it would be useful to test the’ 
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ability of the FAS forecasts to predict annual 
production changes rather than total produc- 
tion figures. Finally, a comparative study is 
needed using the FAS, ICO, and individual 
producing nations’ forecasts to test for relative 
accuracy and to determine whether the same 
estimation patterns occur within the different 
sources. 


Cocoa Forecast Evaluations 


In analyzing cocoa forecasts, the performance 
of three agencies could be compared. At least 
two forecasts were made for 36 of the 37 cocoa- 
producing regions for which series were avail- 
able. On the basis of simple comparisons of the 
mean error, no general preference for either the 
FAS, Gill and Duffus, or FAO forecasts could 
be determined. FAS had the smallest percent- 
age error in 17 of the cases, followed by Gill and 
Duffus and FAO with 10 and 9, respectively. In 
only seven cases could an absolute preference 
for a forecast be decided on the basis of smaller 
percentage errors together with smaller per- 
centage systematic error components. These 
were distributed three cases each for FAS and 
FAO, and one for Gill and Duffus. 

Several patterns emerged: production fore- 
casts for African countries tended to have a 
downward bias; yet the proportion of forecasts 
having errors 20 percent or larger was smaller 
there than elsewhere. Forecasts for the rest of 
the world tended to have an upward bias, and 
more than half the forecasts had errors 20 per- 
cent or larger. About two-thirds of all forecasts 
had slope component errors of 10 percent or 
more. 

The number of cases for each continental 
group that could be rejected as biased and in- 
efficient on the basis of statistical tests varied 
between producing regions. For all South 
American countries, less than half of the fore- 
casts failed this statistical test; for the rest of 
the world a much higher proportion (roughly 
two-thirds) could be considered biased and in- 
efficient. Since the South American forecasts 
were characterized by a percent square root 
MSE as high or higher than the rest of the 
world’s forecasts, South American forecasts are 
clear examples of cases where large but un- 
systematic errors pervade a forecasting effort. 
They are no better or worse than other fore- 
casts for this reason alone, however. This ex- 
emplifies the unsatisfying ambiguity that re- 
mains after performing this type of analysis. 


98 / DIETRICH AND GUTIERREZ 


Am. J. Agr. Econ. 


Table 2. ‘Summary of analysis of mean-square error of short-term forecasts for cocoa 

















= Square Root Rejected 
Region Forecast Decomposition of Error PoE of Forecast as Biased 
ae Agency MC SC RC Actual Mean Bias and Inef- 
Mean ficient 
Brazil FAS .27% 19.92% 79.81% 19.75%, 1.03 No 
G&D* 16 13.67 85.56 21.08 —1.84 No 
FAO .08 10.33 89.59 18.88 — .54 No 
Ecuador FAS 13.93 .39 85.68 21.37 —7.98 No 
G&D 20.15 2.95 76.90 20.88 —9.37 No 
FAO 12.05 7.34 80.61 21.54 —7,48 No 
Venezuela FAS 43 9.6 89.91 20.07 —1.32 No 
G&D 4.31 -7.54 88.15 17.94 —3.72 No 
FAO 4,11 5.81 90.09 19.53 —3.96 No 
South America FAS .00 .96 99.03 12.25 — .06 No 
: FAO .37 1.37 98.25 11.45 — .70 No 
Ghana FAS 2.01 12.96 85.03 18.19 —2.58 No 
G&D 8.64 44,72 46.64 14.03 —4.12 Yes 
FAO 15.29 67.59 17.11 23.73 —9.28 Yes 
Nigeria FAS 47 10.83 88.70 22.77 —1.57 No 
G&D 8.79 35.39 55.82 ` 16.20 —4.80 Yes 
FAO 23.14 8.71 - 68.16 18.88 —9.08 No 
Cameroons FAS 2.76 01 97.24 9,44 —1.57 No 
G&D 18 9.40 90.42 7.37 31 No 
FAO 6.28 72.81 20.91 23.00 —5.76 Yes 
Ivory Coast FAS 13.78 2.87 83.93 19.26 —7.15 No 
G&D 42.37 57 57.05 13.95 —9.08 Yes 
FAO 37.87 .08 62.05 16.10 —9.91 No 
Africa FAS 3.25 8.00 88.75 15.26 —2.75 No 
FAO 25.48 7.44 , 67.09 12.17 —6.14 No 
Asia and FAS 4.43 35.82 59.75 13.64 2.87 Yes 
Oceania FAO 33.55 49.05 17.39 17.07 9.89 Yes 
All producing FAS 2.36 7.43 90.21 10.71 —1.65 No 
areas G&D 11.86 41.28 46.86 7.98 —2.75 Yes 
FAQ 21.11 10.39 68.49 8.48 —3.90 No 
* Gill & Duffus 


Some of the more important series, measured 
in terms of their share of world production, 
were chosen for presentation here. The main 
results are shown in Table 2, which has the 
same format as Table 1. The analysis focused 
on Brazil, Ecuador, and Venezuela, the three 
largest South American producers, together 
accounting for 92 percent of that continent’s 
production over the period; Ghana and Nigeria, 
` the two largest African producers, and the 
Cameroons and the Ivory Coast, two fast- 
growing African producers, all four of which 
accounted for 92 percent of African production 
over the period; and the totals for South 
America, Africa, Oceania, and Asia, accounting 
for 85 percent of total production; and total 


world production. The results from these im- 
portant regions are typical of the complete 
analysis of all countries in the sample. 

Many of these series analyzed in Table 2 
were inefficient, and the tendency was for fore- 
cast errors to be overestimates at large forecast 
magnitudes. However, a smaller proportion of 
these large-producer forecasts (under a third) 
had statistically significant systematic errors as 
compared to the complete set (where over half 
could be rejected as biased and inefficient). 

On the basis of the results, the analysis of 
short-term production forecasts of cocoa can 
be generalized as follows: 

(1) South American forecasts did not err 
systematically, but the general level of errors 
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was the same or higher than that for countries 
elsewhere. 

(2) African forecasts tended to be biased 
downward, and where total errors (as measured 
by the root MSE as a percent of actual means) 
were of the same magnitude or a little less 
than elsewhere, these errors could in more cases 
be shown to be systematic. 

(3) Inefficiency was of the type tending to 
associate overestimates with large actual fig- 
ures. This was true of all three forecasting 
agency Series. 

(4) On the basis of statistical tests, the FAS 
showed less of a tendency to make systematic 
errors. However, it shared the general charac- 
teristics of the other forecasts with respect to 
downward bias in African production estimates. 


Conclusion 


On the basis of analysis it cannot be con- 
cluded that present forecasting efforts for coffee 
and cocoa are good or bad, or that, in the case 
of cocoa, one agency’s forecasts are to be pre- 
ferred over another’s. This is an unsatisfying 
result, which stems from some of the limitations 
of the Mincer-Zarnowitz procedure noted 
earlier. However, it was shown that many series 
contained bias or inefficiency of a particular 


COFFEE AND Cocoa Forecasts / 99 


type or were plagued by large but unsystematic 
errors. An unresolved issue is how important 
these various considerations are with respect to 
the users of the forecasts. Unfortunately this 
cannot be determined in the absence of ade- 
quate knowledge of the cost of forecast errors 
to the users. 

Recent work, especially by Hayami and 
Peterson [6, p. 128], indicates that investment 
in the improvement of official forecasts of do- 
mestically produced U. S. commodities may 
have a high social rate of return. However, in 
the case of coffee and cocoa forecasts, it is not 
clear that reduction in forecast variance can be 
directly related to the costs of expanding the 
current forecasting effort. The reason is that 
this effort rests on the cooperation of dispersed 
sources of information that are not always in- 
volved in the production of the commodities. 
On the other hand, it is likely that improve- 
ments in data collection involving, for example, 
tree plantings, acreage, spraying, etc., will lead 
to the development of structured models for 
short-run forecasting of coffee and cocoa. Per- 
fection of such models together with a better 
understanding of the costs of forecast errors to 
decision makers would make forecast evalua- 
tion of the kind attempted here a more straight- 
forward and unambiguous exercise. 
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Dynamic Programming of the Dairy Cow Replacement Problem 


Bram J. SMa 


The replacement model compares the present values of expected net returns to the keep and 
replace decisions for cows differentiated as to length of previous calving interval, lactation num- 
ber, and production in prior lactations. Taking obsolescence explicitly into account, all cows 


are ranked in order of their future profitability. 


ATRYMEN are constantly faced. with the 
D difficult problem of determining the op- 

timal time to cull cows from their herds. 
Simultaneous account of several biological and 
economic variables and relationships is critical 
to the accuracy of cow evaluations for such 
purposes. The complexity and regularity of 
culling decisions suggests that use of formal 
computer decision models be considered. 

‘A decision-determined Markov process with 
rewards formulation appropriately models the 
dairy cow culling environment.! The dairy cow 
process is a kind of “slot” in a herd which is 
always occupied by some cow. The objective is 
to maximize the present value of expected net 
returns to that process over a specified planning 
horizon. This requires finding the optimal] keep- 
replace decision for every kind of cow that is 
likely to occupy the process when evaluated. 
This paper briefly reports a dynamic program- 
ming approach to this problem? 
` Most recent related studies of replacement 
draw their theoretical and methodological con- 
cepts and insights from the work by Bellman 
[1] and Howard [8]. Early applications of dy- 
amic programming to agricultural problems 
are by White [13], Halter and White [7], and 
Burt and Allison [3]. More generalized orienta- 
tions and overviews of the replacement problem 
and appropriate analytical techniques are pro- 


1 A Markov process is most simply modeled as a prob- 
ability tree, where the outcome at any point in time is 
dependent, at most, on the outcome in the immediately 
prior point in time. A decision-determined Markov process 
is one wherein the decision determines which of several 
possible trees is relevant. In the present case one tree is fol- 
lowed if the decision is to keep, another if the decision is to 
cull any particular cow. Differential rewards (returns minus 
costs) may be associated with each kind of cow, present or 
replacement, that is to be kept. For more information on 
ae [101 processes and associated concepts and techniques 
see [10]. 

TL present article is based on work more fully reported 
in [12]. 
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vided by Faris [4] and Burt [2]. Two major 
studies [5, 9] of dairy cow replacement have 
been made prior to the one reported here, and 
both are important references in the present’ 
work. 


Replacement Variables and Parameters 
Generalized production prediction model 


. Since the problem of replacement requires 
comparing the consequences of keeping a cer- 
tain cow to the consequences of replacing that 
cow with another of a given kind, interest is in 
those factors differentiating between the two. 
Relationships which “explain” differences in 
the performance of cows were developed from 
lifetime histories of 369 Jersey cows and from 


. reports and articles in dairy science literature. 


Pounds of milk produced in the first 305 days 
of the lactation and converted to a 4 percent 
butterfat basis was chosen as the primary mea- 
sure of cow performance. A generalized produc- 
tion prediction model of the following form was 
developed: 


Pa = bo + biLa + baLa + baLs + biLo + bsla 
+ bola + bPa- + beP n-i, 


where the P’s refer to pounds of milk produced 
in each indicated lactation, the L’s are 0, 1 
variables for lactation number, and the I’s are 
0, 1 variables for length of previous calving 
interval. 

Length of calving interval was determined to - 
be independent of both the number of lactations 
the cow has completed and the length of calving 
interval in other lactations. Probability of a 
cow failing during any given lactation was com- 
puted from the basic cow data to be .04212 
+'01714 La, where L is the lactation number. 
A cow is considered to have failed if she dies or 
must be culled for reasons other than a simple 
inability to conceive, minor udder problems, or 
low production. If a cow fails, and at any time 
she has completed six lactations, it is assumed 
she will be replaced by a heifer beginning her 
first lactation. 
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Characteristics by which cows may be classi- - 


fied are referred to as “‘states,” and each time 
period over which the cow process is to be eval- 
uated is referred to as a “stage.” To satisfy the 
Markov requirement of independence between 
stages, spécific values were assumed for each 
prior production variable at each stage. The 
range of possible production levels in each lac- 
tation was therefore set at 5,000 to 12,000 
pounds, then divided into intervals of 250 
pounds. A fixed relationship between produc- 
tion levels in prior and subsequent lactations 
was assumed. That is, for a given lactation- 
calving interval transition (which is probabil- 
istic), the expected level of production is deter- 
ministic. With 29 values of the state variable 
for production in each of the two immediately 
prior lactations, six lactation numbers, and 
three calving intervals, a total of 15,138 states 
that the replacement process could be in at any 
stage were formed. 


Characteristics of the replacement cow 


Quality of the replacement cow was assumed 
to be unrelated to the characteristics of the 
particular cow being replaced and that at any 
given point in time replacement cows are all of 
the same quality. In this way, any cow pres- 
ently in a herd is compared to a common stan- 
dard, and an ordering of the relative merit of 
each cow can be effected. To incorporate im- 
provements in the basic genetic capacity of 
cows to produce milk over time (causing a kind 
of obsolescence in cows already in the herd), the 
assumed production of the replacement cow 
was incremented by 1 percent at each succeed- 
ing stage in the replacement model. 


Economic components of the replacement 
problem 


Costs and returns that can be assumed to be 
the same for all cows at a given point in time 
can be ignored in the replacement decision. 
Examples are costs of housing, equipment, 
land, and most of the labor. 

Variable returns explicitly included in the 
replacement model are value of milk produced, 
salvage value of the cow, and value of calves 
born. Explicit variable costs are the initial 
value of the cow and feed. The value of calves 
born and the costs of feed consumed vary di- 
rectly with quantity of milk produced. The 
value of the cow, both at the beginning and the 
end of each stage, is a function of her produc- 
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tion and her age as measured in number of 


- lactations completed. 


The replacement model nominally requires 
that the manager buy into the process at the 
beginning and sell out at the end of each stage. 
The actual difference between values at the two 
times is depreciation, an implicit variable cost. 
Optimal replacement policy is based on the 
comparison of the present values of expected 
net returns to the keep and to the replace deci- 
sions. The cow process can be evaluated for any 
specified number of stages, determined by the 
length of planning horizon that is of interest. 


The Replacement Model 


Dynamic programming is the transformation 
of a large, multistage sequential decision pro- 
cess into a series of single-stage problems that 
can be solved one at a time. The computational 
algorithm of dynamic programming is its most 
unique characteristic. Computation begins at 
the final stage in the planning horizon and 
proceeds backward in time, stage by stage, 
until the present time is reached. The backward 
recursive relationship that is established for 
planning horizons of any length can be seen in 
the system of equations (1) through (3), as 
follows: 


(1) fea) = max | 2 bitumni 
+8 2 thio | 

(2) Jo mH | 2 Pis*rig(ny4 
+8 2 pafro | 

G) TE max | E piron" 


+85 pfa- |; 
7 


In equation (1), fxn is the maximum present 
value of expected net returns to the cow process 
if one stage remains and the process is in state t. 
The maximization is made over the decision d 
which can take on the values Keep and Replace. 
Given a state í and a decision d, there is a prob- 
ability p and an associated return r for each 
state 7 into which the process can be trans- 
formed. The products of p and r are summed 
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over all 7’s to obtain the expected returns for the 
single remaining stage. To this is added the 
discounted expected salvage value of the pro- 
cess at the end of the planning horizon. A simi- 
lar description is appropriate for the generalized 
equation (2), but instead. of the second term 
being a simple salvage value, it is the sum of 
the returns for all prior stages. The second term 
is discounted at each successive stage, effecting 
the compounding necessary in the computation 
of present values. ` 

The definitions of the terms in equation (2) 
are as follows: 


Timi = Yuin? — Eum? 


(4) , : 
= net milk production 


where 


Vimy? = production if the process succeeds, 
and 
Eit = loss in production if the process fails. 


Production if the decision is to Replace and 
the replacement cow does not fail, is: ` 


(5) Ty” = Yima — Bi” 
where 
(6) Yum" = REPVAL [1 + GENPC (N — n)], 


REPVAL=production of the replacement 
cow in the first stage, and 
GENPC=stage by stage change in the 
basic genetic capacity of replace- 
ment cows to produce milk. 


Probable loss in production due to failure of 
the replacement cow is: l 


QG 


—— ~ ; where 
PENALTY 


OR Eum = 


q; is the 7 element in a vector of the probabil- 

ities that the state into which the process is 

transformed will fail at any stage, and PEN- 

ALTY is the reciprocal of the fraction of a 

lactation loss due to the time it takes to replace 

an unplanned (involuntary) removal. 
Production if the decision is to Keep and the 
cow does not fail is: 


(8) 


where 


Fim? = Vern)? — Eum", 


(9) Yia = Cy F BYa+1 + Dyn, 


cy is an element in a matrix of the appropriate 
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constants for production developed from the 


- generalized production prediction model, and 


Ys+1 and ¥a42 are production in the two immedi- 
ately previous lactations. The y’s are sub- 
scripted n+1 and n+2 rather than n—1 and 
n—2 so they will correspond to the backward 
approach of dynamic programming. The coeffi- 
cients for the. two prior production variables a 
and 6 are .293 and .380 respectively. 

A special case results when the process would 
progress to the second lactation under the deci- 
sion Keep as there is no lactation datum for that 
cow for stage n— 2. The variable y,_, was arbi- 
trarily set equal to Y;a" to fill in the data 
gap. 

The probable loss in production due to the 
failure of the cow kept is: 


Yit 
PENALTY 


computed on the same basis as shown for Zijm" 
in equation (7) above. 

Equations (5) through (10) are generalized 
as to state of the process and number of the 
stage. State of the process at any stage is a func- 
tion of the state and the decision made at the 
preceding stage. These factors determine both 
the states into which the process may be trans- 
formed given some present state of the process 
and the probabilities of each of those transfor- 
mations taking place. This introduces an addi- 
tional stochastic feature which seems necessary 
to a meaningful and useful representation of 
the cow replacement decision-making environ- 
ment. Let: 


(10) guia)’ = 


(11). = the probability of transition from 
state 4 to state ï for the decision 
~ Replace 
and 
(12) p:# = the probability of transition from 
state i to state 7 for the decision 
Keep. 


Expected production for a given present state 
of the process under decision d and at state # is 
then: 

J 
(13) 2 Dif igen)’. 

Under decision d, many of the elements pyy 

are 0, since for any given state of the process 
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there are restrictions to the transformations 
which may take place. 
The discount factor is: 


(14) p= (+27 


where «=the stage discount rate. 

‘The general recurrence relation of equation 
(2) was solved by the value-iterative method.? 
The iterations proceed by computing and stor- 
ing optimal returns for each possible state with 
one stage remaining. Then optimal return with 
two stages remaining is found by selecting the 
d for each possible state of the process at stage 
2 that maximizes the sum of the returns at stage 
2 and the discounted optimal returns for the 
state at stage 1 that results from the decision at 
stage 2. The computational process is repeated 
for the third, fourth, etc., stages until the num- 
ber of iterations equals the number of stages in 
the planning horizon. Bellman [1] shows that a 
constant decision policy emerges as the number 
of stages increases under the value-iterative 
method. Once convergence has taken place, the 
associated policy is then also optimal for any 
greater number of stages. A formal test for con- 
vergence suggested by Burt and Allison [3] and 
by Giaever [5] was not carried out in the 
present study. 


Results of the Replacement Model Runs 


Four runs of the replacement model were 
completed for planning horizons of fifteen stages 
using the combinations of variable price inputs 
shown in Table 1. The nonprice variable inputs 
were the same for all four runs. 

Prices used for run one were at the “base” 
level at the time of the original study (1968). 
The 20 percent reduction in feed prices in run 
two brought about a 27 percent increase in net 
returns for the Replace decision. In run three 
the 20 percent decrease in milk prices resulted 
in a 50 percent reduction in net returns. These 
results were as expected. The effects of the 20 
percent increase in beef and veal prices imposed 
in run four resulted in a slight reduction in net 
returns. Although this was inconsistent with 
expectations, when it is recognized that over the 


1 Howard [8] also describes the policy-iterative solution 
routine for planning horizons of infinite length, In addition 
to the value- and policy- iterative methods, the replace- 
ment problem may be transformed into a linear program- 
ming format and solved by the ordinary simplex procedure. 
For information regarding the relationship between linear 
programming and dynamic programming problems, Hadley 
. [6] and Kislev and Amiad [11] are recommended. 
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Table 1. Variable price inputs to the nu- 
merical runs of the dynamic pro- 
gramming replacement model 

5 Run number 
Variable . 
input yee 1 2 3 4 

Feed price $/cwt. 4.00 3.20 4.00 4.00 

Beef price $/cwt. 20.00 20.00 20.00 24.00 

Helfer price $/hd. 275.00 275.00 275.00 303.80 

Veal price $/cwt. 23.50 23.50 23.50 28.20 

Milk price Sent. 6.50 6.50 5.20 6.50 

Interest rate pT 7.00 7.00 7.00 7.00 

Transaction cost 15.00 15.00 15,00 15.00 

“Replace” returns® $ 2,154 2,743 1,065 2,142 





* These are the present values of the expected net returns to the de- 
cision Replace. Th are the simie for every initial state. cl thie process 
paon Repl comb; of variable price inputs. 


long run beef prices are probably more impor- 


- tant to the cost side than they are to the reve- 


nue side of the dairy enterprise, the observed 
effect of beef price changes is logical. 
Comparison of the optimal replacement 
policies for runs one and two revealed that 
where a difference in policy existed, it was in the 
direction of earlier replacement. That is, as feed 
prices declined, cows were replaced at some- 
what higher production levels. These differences 
were of consistent direction and diminished 
slightly as length of calving interval and lacta- 
tion number increased. The direction of the 
effects of a 20 percent reduction in the price of 
milk on the optimal replacement policy was 
mixed, though of about the same overall mag- 
nitude as that of the feed price decrease of run 
two. Although the smallest differences in pres- 
ent values occurred with changes in beef prices, 
here the greatest differences in optimal replace- 
ment policies were encountered. Run four, when 
compared to run one, consistently showed the 
optimal policy to require earlier replacement 
when beef and veal prices increased by 20 per- 
cent. Sensitivity of the replacement policies 
with respect to interest rates was not examined. 


Conclusions and Recommendations 


The optimal decision for any cow for which 
the relationships, parameters, and variables of 
a given replacement model are pertinent is 
provided in the numerical solution to the 
model. Once a solution to the replacement prob- 
lem is found for some representative set of 
factor prices, it probably would not be reward- 
ing to solve it again even if one or more prices 
change by fairly large amounts. The potential 
costs to a dairyman for evaluation of an indi- 
vidual cow is largely a function of the number 
of cows over which the fixed costs of solving a 
particular model can be spread. This number 
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may be limited to an individual herd or to some 
group of herds that have certain important 
characteristics in common. These characteris- 
tics in common may be breed, location, level of 
production, management system, etc. 
Currently the most promising organizations 
for the operational employment of a replace- 
ment model of the type reported here are the 
DHIA records processing centers at the state 
and regional levels. These already have a store 
and flow of dairy cow data that could provide 
the information necessary to employ quantita- 
tive replacement decision models. Other possi- 
bilities exist too, such as commercial farm man- 
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agement .or farm record-keeping: service orga- 
nizations. 

The most serious weakness in replacement 
studies to date is in the prediction of production 
for individual cows. In future work particular ' 
attention might profitably be devoted to the 
identification, quantification, and specification 
of variables that would improve the reliability 
of such predictions. The payoff for the incor- 
poration of some measure of cow size, more 
precise methods for taking account of differing 
lengths of calving intervals, and the optimal 
time to replace within a lactation are also in 
need of further study. 
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PROJECT SELECTION AND MACROECONOMIC OBJECTIVES: COMMENT 


In a recent issue of this journal Stephen Mc- 
Gaughey and Erik Thorbecke offered a methodology 
for combining multiple objectives into a single rank- 
ing index for capital project selection [2]. The pur- 
pose here is to offer a warning on the uncritical use 
of the index and to comment briefly on attempts to 
substitute objective criteria for subjective decision 
making. This note is less a criticism than an expan- 
sion on some of the issues raised in the article. 

The ranking index offered is! 

(1) Re = yY? + bB + ek 

where 
p=], 2,- 
be ranked) 

F” is the income producing effect of project $, de- 

fined as the mean of (a) BC RP, the ratio of the 
benefit-cost ratio (BCR) for project p to the 
mean BCR for the group, and (b) SM P’, the 
ratio of the social marginal productivity of in- 
vestment (SMP) for project p to the mean 
SMP for the group. 

Be is the balance of payments effect of project p: 

E? is the employment effect of project p. 

y, b, e are weights selected by the policy maker ac- 

cording to his preference function so that 


(2) . y+b+e=l. 





The component variables of Y?, B?, and EF? are dis- . 


counted at a preselected appropriate rate of interest. 

In a footnote [2, footnote 11] the authors give us 
the first hint of the possible danger in employing R? 
as a ranking index for project selection. One must 
choose among BCR, SMP, and their combination in 
computing Y”, and the value of F is a function of 
that choice. 

The danger lies in the fact that the chiicd of prefer- 
ence weights is not independent of the particular 
measure selected as an index of Y?. Thus, for exam- 
ple, R, [2, Table 5] assigns the weight 0.50 to F? and 
0.25 to each of Æ and FP. This is interpreted to mean 
that the income effect of the project is regarded as 
twice as important as either its balance of payments 
effect or its employment effect. But it really only says 
that FY”, as defined, has twice the weight in R? of 
- each of the two other components, as they are de- 
fined. 

The distinction would be of no consequence if 


1 This is their cardinal index. They also offer an ordinal 
index which is only partially subject to the technical com- 
ments offered here. 

2 We concentrate here on Y?, ignoring the possibility of 
alternative definitions for B? and F”. In addition, F”, Be, 
and Æ? do not exhaust the possibilities for inclusion in an 
index such as Re, ` 


++, n (identifying the projects to 


there were no alternative ways to measure Y”, But 
this is not the case. In fact the benefit-cost ratio it- 
self has several other possible definitions [4]. The 
choice between BCR and*some of-the other com- 
monly used income criteria for project selection is 
equally as relevant as that between BCR and SMP 
or among the several possible definitions of BCR. 
The internal rate of return (IRR) and net present 
value (NPV) are two such measures. 

It would be interesting to compare the projects 
discussed by the authors on the basis of IRR and 
NPV, but since there is no unique relationship be- 
tween BCR and either RR or NPV, this is not pos- 
sible without the original data. Table 1 shows the 
essential data of two hypothetical projects discussed 
by McKean [3, p. 111]. The associated BCR’s, 
IRR’s, and NPV’s are shown in Table 2. 

Two benefit-cost ratios are given in Table 2. 
BCR; is the ratio of discounted gross benefits to dis- 
counted gross costs. BCR, is the ratio of discounted 
benefits net of out-of-pocket costs to investment 
costs. Table 3 shows the values of F? computed from 
the income criteria of Table 2. 

The results of this exercise are that the weights 
from any preference function applied to F? based on, 
say, BCR; would give different values of R? if ap- 
plied to F? based on BCRi, IRR, or NPV (Table 3). 
The values of F? based on BCR; are very close to 
those based on IRR. This is mentioned by Mc- 
Gaughey and Thorbecke [2, footnote 1]. However, 
this is due more to a fortuitous selection of projects 
for comparison than to the inherent similarity of the 
criteria. Project rankings based on IRR are invari- 
ant with respect to the interest rate. Those based on 
BCR are not, as shown by. McGaughey and Thor- 

















Table 1. Costs and benefits of two hypo- 
thetical capital projects, data in 
$1000 

Project A 
Year air Pocket a Benefits Gash 
2 3 so Bo oa 
Total 100 1,000 1,100 1,400 30 
Project B 
Year poo Sater Total Benefits Gaah 
Costs Costs 
ae ee a 
Total 100 100 200 400 ™200 





Source: [3, p. 111]. 


106 / COMMUNICATIONS 


Table 2. Benefit-cost ratios, internal rates of 
return, and net present values from 
two hypothetical capital projects 








A IRR NPY? 
Project BCRe BCR# © erc ent) ($1 000) 
A 1.1 1.7 19 70 
B 1.2 1.3 - 14 28 





a Discounted at 10 percent. See text for definition. 
> Discounted at 10 percent. 
Source: Computed ‘from data of Table 1. 


becke in their Figure 1. There, the relative rankings 
of projects 5 and 6, and of 7 and 8 are altered when 
the discount rate is raised from 6 percent to 10 per- 
cent. Note in Table 3 of this paper that the Y? based 
on NPY are not so close, and those based on BCR, re- 
verse the order of priority. 

-The superiority of one criterion over another in 
measuring the income-producing powers of projects 
is not at issue here.* The issue is that the assignment 
of a particular set of weights to F”, B?, and P may 
or may not give the desired balance among income, 
_ balance of payments, and employment. Further, 
there would seem to be no way the policy maker 
can know whether or not that desired balance is ob- 
tained. 

But this is largely a technical issue, and as such, 
there is probably a technical solution to be found. 
The important issue is the extent to which objective 
criteria can substitute for subjective decision mak- 
ing. My own view is that the range of substitutabil- 
ity is not very great, but that does not mean we 
should quit trying. ` 

The role of economic analysis of policy questions 
is not to reduce them all to a list of mechanical de- 
cision rules. The role is to find that subset of the set 
of policy questions susceptible to technical solutions. 
The remaining subset of questions, the difficult ones, 
is left to the policy maker. In playing that role, the 
economist is and should be constantly testing the 
objective-subjective barrier. This is the major 
thrust of the McGaughey-Thorbecke article. 

Relating this mini-essay to the proposed ranking 
function, R?, a number of points can be raised: 


1. How many policy makers could specify, in ad- 
vance, a set of weights for the ranking function? 
That is, how many could appreciate the implications 
for an investment program of preselecting these 
weights? It would seem that the policy maker must 
have the income, employment, and balance of pay- 
. ments effects of a number of alternative sets of proj- 


3 It is an issue, though. McKean [3, ch. 5 and 7] argues 

. that the income criterion for selecting the best set of projects 

is NPY. This will not, however, permit ranking within the 

set to determine the order of execution. He recommends 

IRR as a second-best alternative. In general the benefit- 

. cost ratio is not preferred, and he argues BCR, is virtually 
useless. Note the results in Table 2. See also [4]. 
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ects.laid out for him before he could gain that ap- 
preciation. The effects would have to be in terms of 
money units of income, wages, and foreign exchange 
flows and not only in terms of ratios. If this is true, 
the need for a weighted ranking function is reduced. 

2. How many policy makers would specify the 
weights if it meant submitting themselves to the dis- 
cipline of carrying through the investment program 
specified by the ranking function? This is not really 
a fair point. The authors never argued that such a 
commitment is necessary. In fact, in their conclu- 
sion, they permit the altering of preference weights. 
But doesn’t this seriously erode the value of the 
function? 

All projects in an investment program are not 
undertaken simultaneously, and the initiating phase 
of the whole set could easily extend over the in-office 
life of the policy maker. His preference weights 
would be those that keep him in office. They may be 
subject to frequent change, and at no time would 
they necessarily coincide with those of society as a 
whole. The point is not new, but it is worth frequent 
repetition. 

3. How objective is an objective criterion com- 
posed of variables that are selected using subjective 
judgment? The choice among the various income 
criteria has been discussed. As noted in [2, p. 37], 
choices among alternative balance of payments cri- 
teria must also be made. 

The problem of presenting information to a policy 
maker is to reduce the mass to that which is relevant 
and absorbable without, at the same time, making 
his decisions for him. This is never achieved in the 
ideal. Displaying multiple project criteria in a single 
ranking function may be going too far. A preferred 
alternative may be to show for each selected cri- 
terion the contribution of each project. The presen- 
tation would bein money units (properly discounted) 
or numbers employed in addition to the standard 
ratios. 

A compromise between a single ranking index and 
the separate, unweighted display of all selection 
criteria has been offered by Constable [1, pp. 333, 
334]. He suggests that the income criteria for each 
project, the BCR, be weighted by a coefficient reflect- 
ing regional income differences, and the employment 
criteria for each, the labor-capital ratio (L/K), be 
weighted by one reflecting difference in regional em- 
ployment. Thus there are two suggested criteria for 
project selection. 








Table 3. F? derived from BORi, BC Rs, IRR, 
and NPV 
Project BCR: BCR, IRR NPV 
A 0.96 1.13 1.15 1.43 
B 1.04 0.87 0.85 0.57 





Source: Computed from Table 2. 
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Income-Equity: (BCR) (Y/Y) 
Employment: (L/K) (E/E;) 


where Y is some measure of average national family 
income, F; is the corresponding measure of average 
regional family income, and E and E; are, respec- 
tively, indices of national and regional employment. 

Clayton points out that “although there are data 
problems attending the construction of such ratios, 
and, furthermore, they suffer from being too me- 
chanical and inflexible,‘ they represent an attempt 


+ And they raise the same technical issue as does the 
McGaughey-Thorbecke index. 
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to move the assessment of mechanisation and other 
investments to a more realistic plane” [1, p. 334]. 

This suggestion does not attempt to combine all 
criteria into a single index, but it does modify the 
criteria using weights which are explicit functions of 
equity-related variables. 

The direct effect of their use is on the regional dis- 
tribution of projects. To the extent that income and 
employment are regionally related, national equity 
and employment goals are also served. 


Joun D. Hystop 
International Development Center, ERS, USDA 
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PROJECT SELECTION AND MACROECONOMIC OBJECTIVES: REPLY 


Two substantive issues are raised in relation to use 
of the proposed investment ranking function. The 
first is the assertion that the rankings are not neces- 
sarily unique since there may be alternative invest- 
ment criteria for measuring the effects of an invest- 
ment vis-d-vis a given economic objective such as 
income. Hyslop notes “. . . the benefit-cost ratio it- 
self has several... possible definitions. ...” The 
second issue relates to the manner in which the rank- 
ing function, which combines several objectives, is 
employed by the policy maker. Hence, “displaying 
multiple project criteria in a single ranking function 
may be going too far.” These two issues are dis- 
cussed in turn. 

To demonstrate project rankings which vary 
with the choice of investment criteria, Hyslop se- 
lects four criteria for the income effect: the net 
present value criterion (WPV); two benefit cost 
ratios (BCR, and BCR); and the internal rate of 
return (IRR). There are, in fact, far fewer possibili- 
ties than there appear to be at first. Since the stated, 
purpose of our evaluation is to rank projects, the 
NPV is inappropriate unless the projects always 
have equivalent capital costs. Likewise, since the 
investment costs of the projects are equal, Hyslop’s 
NPY is just another form of the BCR, i.e., the net 
present value per unit of investment costs. To mea- 
sure the income effect, the choice is between some 
form of the BCR and the IRR. 

We cannot add here to the polemics between those 
favoring the IRR and those supporting the ‘BCR, but 


two points seem worth noting.’ First, the IRR is 
justified frequently because a discount rate is not 
needed for its computation. For international lend- 
ing institutions which cannot easily obtain a private 
or social discount rate in each country in which an 
evaluation is undertaken, the JRR is the only alter- 
native for assessing project feasibility. But a selec- 
tion of at least a limited range of discount rates 
cannot be avoided by national planning agencies 
because of the need to choose among alternative 
growth paths of consumption and investment in 
medium- and long-term planning. Second, the JRR 
has strong appeal because it is easily presented and 
understood by policy makers; this is a real advantage 
over the NPY criterion. But this does not justify its 
use as a ranking device. In our judgment, the IRR 
is a second-best alternative which is used only when 
a discount rate is not known. It is the investment 
criterion, not the ranking function, that fails to 
measure the desired effect and rank the project 
correctly. 

Therefore, we are left with a choice of the BCR to 
measure income effect. The appropriate form of the 


1 Representative of the two alternative views are those of 
Seagraves [5] who defends the IRR and Harberger [4] 
who discusses its weaknesses. 

2 The ranking of mutually exclusive projects by the IRR 
will not necessarily yield a maximum present value of an 
investment budget. Harberger [4] presents a useful ex- 
ample. See also the recent work of J. Price Gittinger [3]. 
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BCR (Hyslop presents three) depends crucially on 
the investment budget constraint and what is under- 
stood to be a benefit from the viewpoint of the proj- 
ect beneficiaries.? Costs in the BCR are identified 
with the limited resources of the budget constraint, 
and benefits are the net returns to the beneficiaries 
(whether of the private or public sector). Thus the 
appropriate form of the BCR is determined by the 
specific circumstances in which the projects are 
being ranked. For example, either the benefits are 
net of operating costs or the latter are included as 
costs—both cannot be correct simultaneously. 

The SMP differs from our BCR because it includes 
some indirect balance of payments effects. We chose 
an average ranking of the two to reflect the income 
effect because of information limitations but not due 
to any disagreement regarding their utility as in- 
vestment criteria. If all the indirect effects are esti- 
mated accurately in either criterion, we would use it 
as the investment criterion. We contend that if the 
benefits and costs are well defined and if the dis- 
count rate is known (within limits), the BCR (or 
equivalently the SMP as a special case of the BCR) 
` measures the income effect of an investment. 

Interpretation of the weights y, b, and e in the 
ranking function is important. We agree with Hyslop 
that these weights do not necessarily represent 
weights on objectives as obtained from policy mak- 
ers’ (or social) welfare function. If y=.50 and b and c 
are equal to .25, this does not mean that in policy 
makers’ welfare function the income objective is 
weighted twice the employment or balance of pay- 
ments objective. More precisely this particular 
weighting indicates for any project that its ranking 
for the income effect is weighted twice its ranking 
for the.other objectives. We are weighting project 
rankings and not the objectives themselves. 

Furthermore, we show two ranking schemes: 
ordinal (which is given minor attention in the com- 
ment) and cardinal. An advantage of the ordinal 
rankings is that the numerical ranking scale is the 
same for all objectives but, as we point out, the 
cardinal ranking provides an indication of the rela- 
tive separation among the projects. We recommend 
the use of both as complementary methods. Clearly, 
a useful device for ascertaining how well projects 
are ranked for many possible weights is to conduct 

...@ parametric test of the sensitivity of the final 
ranking (R;) to variation in the welfare weights. . . .” 
We see the ranking function as an applicable device 
for combining several objectives. 

In any case a simple reformulation of the cardinal 
version of our ranking function makes it possible to 
interpret the welfare weights (y, b, and e) as relating 
directly to the relative importance of the objectives 
themselves in the policy makers’ preference func- 
tion. Indeed, one can postulate magnitudes of the 
three investment criteria which correspond to equiv- 


2 Eckstein [1] derives several forms of the BCR under 
alternative investment constraints. 
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alent contributions to the preference function of the 
policy maker. These “equivalent welfare” ratios can 
be expressed respectively as Y’, B’, and Æ’. The as- 
sumption made is that a project’s relative contribu- 
tion to output of Y’ is equivalent from the stand- 
point of the policy maker’s desires as a contribution 
to the balance of payments of B’ and to employment 
of E’. If it is assumed that the contribution to social 
welfare of projects is proportional to these ‘‘equiva- 
lent welfare” ratios, our ranking function 


(1) Re = yY? + bBr + el 
can be expressed in the cardinal case as 


(1.1) Fe m y 
since in (1) 
F? B? 
pr >E 


pel h 








and likewise for Ær, 





one can relate the average value of the set of projects 
for each of the three investment criteria to the corre- 
sponding “equivalent welfare” value, Thus, let 


(2.1) am 2 pean fv 
(2.2) — R and 
(2.3) e= pe —/E. 

x pi n 
The revised ranking function becomes 
(3) Re = ya Yr +b Br + ee Ee 


where the preference weights (y, b, and e) can now be 
interpreted as reflecting the relative importance of 
the objectives. : 

A simple example based on our sample of Peruvian 
investment projects should illustrate the ‘meaning 
of the above function. In our sample ; 


A y? 
L —=191, 
pl ^% 


If it is postulated on the basis of the policy makers’ 
preference function that 


Y'= 15, Bom .75, and E= .40, 
it follows from (2) that: 
a = 1.273, B = 1.393, and «=| 1.468. 


Thus the ranking function is “normalized” so that 
the weights (y, b and e) reflect directly the relative 


2, B? s Ep 
> — = 1.045, and 5) — = 587. 
pl % pel h 


importance of the objectives.‘ 


4 It is, of course, possible to specify the preference func- 
tion in such a way that the contributions to welfare are not 
proportional to the “equivalent welfare” ratio. For instance, 
it could be postulated that the contribution to welfare of 
each objective (as measured by the corresponding invest- 
ment criterion) was less than proportional to the value of 
the “equivalent welfare” ratio. This case would correspond 
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Finally, Hyslop fears that policy makers may un- 
critically accept the results of our index or substitute 
it completely for their “subjective” decision making. 
Such an index cannot replace this judgment because 
many noneconomic variables important to the 
policy maker cannot always be included in a ranking 
function. Neither do we envisage the policy maker 
as “preselecting”’ the weights. Rather, alternative 
rankings, based on different weights, are presented, 
and the policy maker alone judges which of the 
weights and rankings are appropriate—this is the 
subjective element of decision making which the 
project analyst cannot supplant. The weakness of 
just presenting separate rankings for each objective 
is that the implications of combining objectives or 
specific projects cannot be visualized.’ Rather than 


to diminishing marginal contribution of each objective to 
the policy makers’ welfare. : 
5 From the sensitivity analysis we can identify projects 
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substitute a mechanical rule for a subjective decision 
process, we attempt to make explicit a part of such 
a process.* Separate rankings provide only single 
solutions—our ranking function gives the same in- 
formation (the separate ranking) and more knowl- 
edge as to how investment alternatives are affected 
as their relative importance is altered. 

STEPHEN E. McGaucHEY 

Georgetown University 

Err THORBECKE 

Lowa State University and 

International Labour Office 


that rank high for many possible weights and can eliminate 
projects that rank low. Policy makers cannot always obtain 
this additional information from separate rankings. 

6 Freeman [2] presents an excellent survey of proponents’ 
and opponents’ views of using explicit weights in multi- 
objective ranking schemes. 
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AN ANALYSIS OF THE MARKET FOR FOOD STAMPS: COMMENT 


Professor Bryant’s opening statement that “anal- 
ysis of the Food Stamp Program is not important 
in itself, for itis one of those programs... [that] has 
been studied too much,” is far from the mark [1]. 
None of the six studies cited is the culmination of 
long-term serious research efforts; some are not 
even economic studies, and several deal with broader 
issues than the Food Stamp Program. With his as- 
sertion, Professor Bryant frees himself from pro- 
gram analysis and launches into an ‘“ivory-tower” 
exercise that leads to inconclusive results. The anal- 
ysis is based on several misconceptions and loose 
assumptions. 

Certainly, a food program costing the Federal 
Government $2 billion per year deserves a little at- 
tention from our profession. Compare the meager 
resources analyzing this program with the millions 
of dollars going into squeezing and massaging the 
“farm problem” and the $4 billion, more or less, in 
farmers’ subsidies. I am speaking of analytical ef- 
forts, not rhetoric, which abounds. 

Bryant views Congress as willing to allocate fewer 
funds in return for a given amount of program 


expansion at higher rather than at lower program 
levels. Table 1 shows the historical situation to be 
the reverse. 

Levels of “bonus” per person (amount of subsidy 
received) in fact have risen because of liberalization 
in program benefits that occurred in mid-Fiscal 
Year 1970. That change also completely divorced 
stamp issuance levels from income of the household. 

In practice, Bryant’s assumption of arbitrary 
regulation of growth is meaningless because the 
program is open-ended. That is, the Government 
stands ready to provide stamps to all persons who 
qualify under the eligibility criteria established by 
law. The quantity of stamps provided now (since 
mid-1970) depends only upon household size—not 
the level of Congressional appropriations nor the 
level of household income. However, the purchase 
requirement for participation continues to depend 
on level of household income. 

Bryant completely misunderstands this aspect of 
the program, and his misunderstanding leads him 
to several erroneous conclusions regarding “pricing 
policies” and opportunity costs. This problem is 
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Table 1. Food Stamp Program growth 


Fiscal Program Eni Bonus per 
year costs* Recipients person 
Mil. dol. Mil. persons 

1968......... 179 2.2 $6.52 
1969......... 240 2.9 6.62 
1970......... 565 4.3 10.55 
1971......... 1,559 9.4 13.57 
A972 5 atone 1,896 11.1 13.46 


* Excludes administrative funds; federal operating ex- 
penses in 1972 totaled $21 million. 


compounded by the apparent lack of awareness of 
the “variable purchase” option now available to 
recipients. The “prices charged,” according to his 
Table 2, in fact vary only because of differences in 
purchase requirements, not stamp issuance levels 
that are fixed for given household sizes. The increas- 
ing purchase requirement over household size reflects 
economies over household size and sex-age differ- 
ences built into the schedule. 

Bryant’s Table 2 is difficult to interpret. House- 
hold stamp issuance data were converted to a per 
capita basis but, strangely, the income groups were 
not adjusted accordingly. Bryant ends up with a 
confusing hybrid concept. 

Bryant’s related assumption that the Food and 
Nutrition Service has been cost constrained “through- 
out its history” is incorrect. In the early years the 
budget was low and purchase requirements were 
necessarily high. In that sense there certainly were 
“constraints.” Even then, however, no constraints 
were in effect for eligible households in areas served 
by the program. Fund limitations have been mean- 
ingful in some years in slowing substitution of this 
program for the Food Distribution Program. But 
even this limitation is not now a factor. In Fiscal 
Year 1972, the Department was criticized in some 
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quarters for not utilizing all its available funds. Since 
the fall of 1971, there have been no sizable backlogs 
of areas wanting to initiate the program. 

In the context of the way the program operates, 
it is not meaningful to draw implications about oper- 
ational efficiency, as Bryant did, from the fact that 
the Department “has never argued for the same or 
smaller appropriations.” The Congress in Fiscal 
Year 1972 appropriated more money for the program 
than was requested by the Department and more 
than subsequently needed. Bryant fails to realize 
or appreciate the importance of the distinction be- 
tween program and administrative funds made 
available to the Agency. 

Bryant overstates the change in program concepts 
that occurred in Fiscal Year 1970. He interprets the 
liberalized benefits as a switch from objectives of 
supporting farm income to an in-kind welfare pro- 
gram. In practice both objectives have been and con- 
tinue to be important. The program was expanded 
from a pilot effort to a full-scale substitute for the 
Food Distribution Program in the early and mid- 
1960’s, with the full understanding of the importance 
of consumer sovereignty in the marketplace for low- 
income as well as higher-income people. This transi- 
tion was well underway before the hunger problem 
became a national issue. 

Measurement of the demand-increasing effects of 
the Food Stamp Program is still in its infancy. Pilot 
studies such as the one recently completed by Pat 
Madden at Pennsylvania State [2] suggest that de- 
mand-increasing effects of the Food Stamp Program 
likely overshadow those of the Food Distribution 
Program that it is replacing. In addition, there likely 
are some interesting shifts in demand that can be 
associated with the switch in programs. These would 
make worthwhile studies for some underemployed 
university resources. 

STEPHEN J. HIEMSTRA 
Food and Nutrition Service, USDA 
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AN ANALYSIS OF THE MARKET FOR FOOD STAMPS: COMMENT 


This comment on Keith Bryant’s article in the 
May 1972 issue of this Journal will unhesitatingly 
award a plus-mark for effort but regretfully add 
minus for content. To give analytical attention to 
programs such as the Food Stamp Plan is obviously 
desirable. To Bryant’s further credit, he began with 
at least a gesture toward evaluating the Stamp pro- 
gram according to designers’ own criteria. But there- 


after his reporting became so erroneous as to dis- 
credit the initial good intent. 

Bryant undertook to show how administrators of 
the Food Stamp Plan run it for their professional ag- 
grandizement. Cited is a line from Niskanen, naming 
as variables in the “bureaucrat’s utility function... 
salary, perquisites of the office, public reputation, 
power, patronage, ease of managing the bureau, 
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and ease of making changes” [4, pp. 293-294]. No 
mention is made of the goals of the program to which 
the administrator is committed. No room is reserved 
for acknowledging any personal dedication, for 
crediting any selfless serving of the public interest. 
It is a supercilious, Machiavellian interpretation. 
It is also wrong in many cases (and to the extent it is 
wrong, grossly unfair). 

It is wrong in the case Bryant examines. Holding 
to the Niskanen nihilism, Bryant postulates that 
the program could have been operated for either 
budget-maximizing or modified budget-maximizing 
objectives. The former would get the most money to 
run through the till. Prior to 1968 the second would 
give most support to farm income (the only decent 
hypothesis offered, but factually wrong) and after 
1969 would give most “in-kind welfare.’ Not even 
hinted at was the possibility that the program sought 

_to do what it was told to do, namely, obtain the 
most improvement of diets that was possible within 
the limits of appropriations. 

To natively skeptical economists it probably seems 
ingenuous that dietary improvement would truly be 
the objective pursued. Yet, while granting that other 
considerations were not absent, I must declare that 
during the early years that was how it was. 

It was my good fortune to have a passing acquaint- 
ance with the pre-war program and then to join the 
office of the administrator of AMS just as the pilot 
Stamp programs were begun in 1961. My vantage 
point was excellent. After I moved to Missouri in 
1966, my first research project was to study supple- 
mentary food programs, and I have kept in touch 
since [2]. 

Bryant says that until about 1968 or 1969 “the 
FSP was conceived and run as a device to support 
farm income” [3, p. 308]. Even to pose farm vs. food 

- goals is an antilogy, for insofar as the program added 
to food buying (and grocers took only normal mar- 
gins), it implicitly added to farm income. The two 
are an identity. If he means that farm income got 


first consideration in policy making, he is mistaken. . 


It was the other way around. 

The Food Stamp law was enacted as a result of a 
decade-long personal crusade by Congresswoman 
Leonor Sullivan of St. Louis, Missouri. The law was 
urban-sponsored. The sole goal as advanced by Mrs. 
Sullivan, a stern puritan, was to enhance the diets of 
low income people while still requiring them to con- 
tribute their normal expenditure for food. No give- 
away stamps, no lifting of diets much above mini- 
mum nutritional levels. Although Congressman 
Cooley, Chairman of the House Agriculture Com- 
mittee, looked kindly on Stamp legislation, his Com- 
mittee frowned. They brightened up only when Mrs. 
Sullivan resorted to stratagems such as blocking 
unanimous consent on farm bills and circulating a 


1 This term refers to a grant of a commodity or service 
that indirectly becomes an addition to purchasing power for 
other items. 
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legal-sized yellow scratch pad on which urban con- 
gressmen affirmed their refusal to vote for any more 
farm laws until a Food Stamp law was passed. This 
is not to say that farm support was absent. It was 
not. But it was secondary. 

Bryant is correct in saying that early appropria- 
tions were niggardly. It is also true that the puri- 
tanical terms of the program kept participation 
lower than in the parallel commodity distribution. 
The policy dilemma posed was the following—and 
it lent itself to mathematical model-building: par- 
ticipation in any area could be increased by reducing 
the cost of stamps or increasing their monthly face 
value; yet such action would also reduce the ef- 
ciency of the program in enhancing diets? and hold 
down the total number of participants who could be 
accepted within the fixed appropriation. As new 
eligible areas were clamoring for the program, the 
pressure to stick to stern terms was great. Bryant’s 
assertion that “for the period 1964 to 1968... the 
total quantity of stamps was the program character- 
istic of primary importance...” is just not valid 
[3, p. 309]. 

For the later period Bryant is on sounder ground, - 
though it is by no means clear that “aggregate par- 
ticipation” exactly sums the situation. Under fire 
from partisans of the poor and in reaction to advice 
of some economists (misguided, in my opinion), the 
original tenets were scuttled and the program moved 
toward a combination of welfare.and food subsidy. 
Funds suddenly became much greater. Thereupon 
the monthly quota of stamps was raised and purchase 
price reduced. Families could obtain a better diet 
than they were accustomed to because stamps cost 
less than their face value, and by spending fewer of 
their own dollars they saved money for other pur- 
poses. To make the changeover more drastic, for the’ 
first time a family was allowed to purchase a fraction 
of the monthly quota of stamps; electing the option 
reduced the food-buying feature and increased the 
welfare aspect still more. 

This does not mean that nutritional improvement 
is now absent from the Stamp Plan. A considerable 
element remains, although the proportion is less and 
the cost to government for each quantum of improve- 
ment is very much greater. 

The changes were not brought about by sinister 
design on the part of program heads. Generally, ad- 
ministrators were lukewarm to the demands for so 
much liberalization—as indeed poverty spokesmen 
accused them. Mrs. Sullivan was embittered by the 
changes and cried, “Look what they have done to 
my program!’ [5] She voted against the 1970 Food, 
Stamp Act. 

As the postulates of Bryant’s analysis are largely 
unsupportable, detailed critique would serve little 


2? By efficiency is meant the amount of added food buying - 
per dollar of cost to government. The higher the ratio the 
more the program classifies as food-supplement. The lower, 
the more it is welfare in kind. 
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purpose. Some choices he made are questionable, 
though perhaps not clearly wrong. To consider the 
effects of the internal design of stamp cost and bene- 
fit formulas is of course appropriate. The subject is 
fertile for analysis. Many of the decisions were ad 


koc and rule of thumb; they were not as strategically . 


contrived as Bryant believes, but also not as care- 
fully tooled as they might have been. Moreover, 
Bryant fails to credit as salutary the graduation 
feature, which is a big improvement over all-or- 
nothing programs (commodity foods, for one) with 
their manifest inequity at the margin of eligibility. 

Subject to being challenged is Bryant’s Table 2 
for which he converts stamp prices to terms whereby 
per capita income is standardized for all household 
sizes. This means that a household of four with a 
monthly income of $300 is regarded as equivalent to 
a family of two with a $150 income. The method 
would be innocent except for the fact that any other 
assumption, as that a reasonable matching figure for 
the family of two might be $200, would alter his co- 
efficients and possibly invalidate his conclusions. Fre- 
quently in statistical analysis announced conclusions 
rest on heroic assumptions. 

That Bryant began with considerable bias against 
the Stamp program or government generally is prob- 
ably a warranted judgment. It is suggested by his 
reluctance to believe Food Stamp people were not 
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out-and-out grabbers (tested by the “budget maxi- 
mizing” hypothesis that he says “appears to fit some 
other federal agencies more closely” [3, p. 313]).In 
the same vein is his gratuitous observation, hardly 
appropriate to a scholarly paper, that “an assump- 
tion” that “the FSP has been run efficiently’ is 
“dubious” [3, p..309]. 

There perhaps ought to be a rule that program 
analysis should first be done sympathetically. Then 
on the basis of findings the place of a program in the 
total scheme of things can be assessed. To view the 
Food Stamp Plan solely in terms of crass bureau- 
cratic opportunism is as unfair as it is inaccurate. 

If researchers want to muckrake supplementary 
food programs (the family of them), the first place 
to look is not at administrators’ machinations but at 
local obstructionism based on ideology that it is bad 
to help people obtain food. This is a point Kotz and 
other assailants overlook. Any objective assessment 
of Food Stamp history would turn up very consider- 
able conformity to the avowed objectives of the 
program. And inquiry into its administration would 
reveal the mix of performance common to large or- 
ganizations including universities, with instances 
ranging from default to dedication and even per- 
sonal heroism. 

Haro F. Brenrver 
University of Missourt-Columbia 
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AN ANALYSIS OF THE MARKET FOR FOOD STAMPS: REPLY* 


Harold Breimyer and Steven Hiemstra have 
raised a number of questions about my article “An 
Analysis of the Market for Food Stamps” [2]. Let 
me summarize what I take to be the significant 
points and then respond to each in turn. 


Breimyer chastizes me for conducting a program 


evaluation by using improper criteria against which 
to judge program performance. Breimyer also 
charges that I have impugned the motives of federal 
bureaucrats by assuming that they seek to maximize 
their budgets. Hiemstra denies that the demand for 
the Food Stamp Program (FSP) is downward slop- 
ing and also that the program has ever been “‘cost- 


* Harald Jensen and Malcolm Purvis read an earlier 
draft of this reply. Their time and judgment are appreci- 
ated but in no way implicate them. 


constrained.” Both Breimyer and Hiemstra believe 
my history of the FSP to be in error. On the one 
hand Hiemstra believes that I have over-emphasized 
the shift in program objectives from that of farm 
income support to that of in-kind welfare. He says 
“. .. both of the objectives have been and continue 
to be important.” In the other hand Breimyer de- 
nies that farm income support was important ini- 
tially and argues that it is even less so as a result of 
the politics of hunger. Breimyer is bothered by the 
assumptions underlying Table 2 [2] on the basis of 
which families were classified by household size and by 
perperson household income. He says, “the method 
would be innocent except for the fact that any other 
assumption .. . would alter his coefficients and pos- 
sibly invalidate his conclusions.” Hiemstra finds my 
Table 2 hard to interpret and believes that my lack 
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of understanding ‘of the regulations underlying the 
price structure invalidates the table’s contents. In 
particular he accuses me of not being aware of the 
“variable purchase option” introduced recently. 
Both Breimyer and Hiemstra are upset with my 
comment that I am dubious the program has been 
run efficiently. 

It was not my purpose in [2] to evaluate the FSP. 
That it was run well or ill by whatever criteria might 
be used to judge it, could not have concerned me 
less. The object of the paper was to test a theory. 
The theory represents an extension of firm theory 
into the not-for-profit sector of the economy. As was 
stated in [2] the FSP was used as a case study. 
Data from any other not-for-profit agency with the 
same characteristics would have done as well. Those 
characteristics are that a product is sold to recipients 
at unit prices and exchanged for a budget from a 
sponsoring agency. In short then, Breimyer has ac-- 
cused me of doing badly a task I did not set for my- 
self. 

Next Breimyer has accused me of maligning fed- 
eral bureaucrats by assuming that they seek to 
maximize their budgets. This is a simple, intuitively 
appealing, behavioral assumption from which em- 
pirically testable hypotheses can be deduced. I be- 
lieve that my paper is a testament to the fact that 
the hypotheses deduced from the postulate along 
with the others in the model are empirically testable. 
Whether maximization of the budget is intuitively 
appealing depends to some extent on the reader. 
Niskanen devotes an entire chapter [6, Chapter 4] to 
a discussion of the assumption. I find his arguments 
compelling. Briefly, he argues that budget maximiza- 
tion is consistent with utility maximization by the 
bureaucrat and is not inconsistent with pursuit by 
the bureaucrat of what he conceives to be the public 
interest. It is in fact necessary in some degree, for 
the institutional arrangements within which the 
bureaucrat must operate impel him to adopt budget 
maximizing behavior for survival. Finally, Niskanen 
makes use of Wildavsky’s [10] point that both the 
Executive and the Legislative branches of govern- 
ment expect program administrators to be advocates 
of the program they administer. Breimyer’s com- 
ments have not changed my mind about the useful- 
ness of the postulate. He must come up with a sim- 
pler postulate which is intuitively appealing and 
explains the same phenomena or as simple a one 
which encompasses more of reality. Until someone 
(including me) does, I will stick with the one I have 
as imperfect as it may be. 

Hiemstra denies that Congressional demand for 
the program is downward sloped and that the pro- 
gram has ever been “cost-constrained”; his denial 
constitutes an argument over the shape of the func- 
tion relating appropriations to program output, T Ra, 
and the position of the minimum achievable cost 
function, TC, facing the agency administering the 
FSP. I postulated them to be conventionally shaped, 
i.e., the revenue function concave to the horizontal 
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axis and the cost function concave to the vertical 
axis (with dollars on the vertical and output on the 
horizontal). I further postulated that the total cost 
function intersected the total revenue (TR,+TR, in 


‘the symbols of [2 ]) at an output less than that which 


would maximize total revenue; this is the meaning of 
the term “cost-constrained.” These assumptions 
were made to simplify the analysis without denying 
any important facts. In addition, I believe that the 
revenue from appropriations function is conven- 
tionally shaped (i.e., the average revenue from ap- 
propriations and thence the demand for the program 
by Congress is downward sloping). This belief is con- 
sistent with the fact that the FSP must compete 
both at appropriations time and when supplemental 
appropriations are requested with a myriad of other 
programs each fighting for the marginal appropria- 
tions dollar. After some program level is reached, 
ceteris paribus, Congress can be expected to prefer 
spending the marginal appropriations dollar else- 
where. 

The assumption that the program has been “‘cost- 
constrained” was invoked to exclude what I consider 
to be unrealistic cases. If the program were not cost- 
constrained in the sense I used the term, the modified 
budget-maximizing bureau would operate at an out- 
put for which global marginal revenue would be 
negative (the marginal revenue from appropriations, 
M Ra, and/or the marginal revenue from the sale of 
stamps, MR,, would be negative). Under the same 
circumstances the budget-maximizing bureau would 
operaté where global marginal revenue would be 
zero (MR,+MR,=0). Given that positive or zero 
prices have always been charged for stamps, these 
results imply that Congress would increase appro- 
priations if program output were reduced. I find no 
evidence of such a circumstance in the history of the 
program. 

The facts and data Hiemstra marshals to argue 
against these two assumptions are beside the point. 
Only if the data on “program costs” and the facts 
were adjusted to exclude effects resulting from shifts 
in functions (for instance, shifts in demand as a re- 
sult of the politics of hunger, rising unemployment 
tate during the Nixon Administration, and Executive 
pressures to hold down governmental spending) 
might they be relevant to the shape of the total 
revenue curve. When Hiemsira states that in some 
years appropriations were not used and in others sup- 
plemental appropriations were requested and re- 
ceived, he fails to reveal inadequacies in my assump- 
tions. Instead, he reveals the same kinds of adjust- 
ment lags in responding to shifting demand that are 
commonly observed in for-profit firm behavior. 

Appropriations were not used in earlier years 
because of understandable adjustment problems as- 
sociated with program expansion from the pilot pro- 
gram stage. The result of program liberalization in < 
December 1969. and of the rising unemployment 
rate during the Nixon Administration was to expand 
recipient demand for the program beyond what Con- 


` 


114 / COMMUNICATIONS 

gress (and perhaps the Food and Nutrition Service) 
expected; supplemental appropriations were required 
if the demand was to be met. The more recent ex- 
ample of unused appropriations appears to be a re- 
sponse to a declining demand for all programs by the 
Executive branch as it has attempted to curb infla- 
tion by keeping government spending down.! 

Comments about the original and later primary 
objectives of the FSP by Breimyer and Hiemstra 
not only contradict the judgments I made in [2] 
but also contradict each other. While Breimyer ar- 
gues that the FSP was not conceived and run to sup- 
port farm income, he nevertheless argues that the 
farm income support goal as applied to the FSP and 
the goal of increasing food intake of the poor are 
perfect complements. Hiemstra is quite ready to 
argue that both increased food intake and farm in- 
come support were important in the pre-politics of 
hunger days. Rather than focussing on selection of 
the variable, their complaints reduce to a quarrel 
over my justification of the selection of total quan- 
tity of stamps as the important program attribute in 
the 1964-68 period. They are correct that my tersely 
stated justification was overdrawn. Increased food 
intake by the poor and support for agriculture are 
both mentioned in the preamble to the 1964 act 
(P.L. 88-525, Sec. 2). The relevance of a food stamp 
program to both goals was argued by proponents of 
the program in its early version (1939-43). Both 
goals were argued by proponents of what was called 
the National Food Allotment Program in bills intro- 
duced in Congress all during the 1940’s and 1950’s.? 
Similar arguments were made by proponents of the 
program in 1964 [1, 5, 7, 8,9]. 

After the program was enacted, Congress was not 
concerned with participation in the program until 
the hunger issue broke into the press in 1967. Nor 
was Congress all that concerned about adequacy of 
the diets of the poor, for there was no obvious push 
to increase coupon allotments to Economy Food 
Plan levels until the debates over hunger and mal- 
nutrition [5, 8]. While liberal and urban Congress- 
men supported the FSP as an in-kind welfare pro- 
gram (Breimyer apparently does not want to call a 
food subsidy program an in-kind welfare program), 
the Agriculture and Appropriations Committees 
treated the FSP as a farm program to the extent 
they were allowed to and also as a device to extract 
urban and liberal support of other agricultural legis- 
lation [5, 8]. I conclude that the total quantity of 


1 The Executive demand for the program has not been 
well worked into the model. In its present form the TR, 
function is formulated after Executive-Congressional bar- 
gaining has taken place. See [6, pp. 27-28] on this point. 

2 Harold Breimyer is correct in calling Leonor Sullivan 
the mother of food stamps. Senator Aiken of Vermont was 
the father along with certain members of the agricultural 
economics profession in that they kept the idea alive politi- 
cally from 1943 until the Kennedy Administration came 
to power. Mrs. Sullivan did not enter the lists until 1954 
[1, 8, 9]. 
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food stamps sold was the important attribute of the 
program in the earlier period because of both the 
agricultural support and the food-aid aspects. 

That Breimyer understands the basis on which 
Table 2 was constructed is evidence that Hiemstra’s 
troubles interpreting it stem from his own mis- 
understanding of what the analysis is about. How- 
ever, Hiemstra did catch (but did not identify the 
source) the ambivalence between households and 
persons which turned out to be an error and which 
has been corrected in [3]. l 

Hiemstra’s contention that I was not aware of the 
variable purchase option is groundless, for I dealt 
with it in footnote 3 [2, p. 306] and analyzed its im- 
plications for the demand for food stamps in [4]. A 
question remains, however, as to its impact on opti- 
mum price policy since the option was available to 
participants in some counties in 1971.3 Unless the 
introduction of the variable purchase option dras- 
tically altered the elasticities of demand to partici- 
pate in the program, it would still be optimal to 
charge lower prices to families with low than with 
high per person household incomes. The optimal 
relationship between the price of food stamps and 
household size, holding per person household income 
constant, depends upon the relationship between 
household size and per person household purchases 
of stamps. Under the old system households had to 
purchase their assigned coupon allotment (quantity 
of stamps) or not participate. The coupon allotment 
was determined by their income and size before 1969 
and by size only after 1969, with the coupon allot- 
ment rising more slowly than size to account for 
economies of size in food purchasing and consump- 
tion. Under the variable purchase option, a house- 
hold may purchase 100, 75, 50, 25, or 0 percent of its 
assigned coupon allotment. Unless there is some 
reason to believe families of different sizes (holding 
per person household income constant) respond dif- 
ferently to the option (i.e., small families reduce their 
purchases of stamps more than large families), I 
know of no reason to alter my conclusions about the 
optimum price policy. Thus, while the variable pur- 
chase option could affect the optimum price policy, I 
have no information on which to base any alteration 
of my hypotheses and Dr. Hiemstra has not pre- 
sented any. 

Breimyer believes that an assumption that the 
price elasticity of demand to participate in the pro- 
gram is not constant among families within the same 
per person household income class “. . . would alter 
his coefficients and possibly invalidate his conclu- 
sions.” He is in error with respect to the coefficients. 
Their “validity” is independent of assumptions as to 
their size and sign. Of course different conclusions 
follow from different assumptions about the price 
elasticity of demand as they do in any price analysis. 
In further defense of the assumption, take note that 


? Optimum here means optimal with respect to the objec- 
tive functions postulated. 
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constancy of the price elasticity of demand to par- 
ticipate in the program is assumed among families in 
the same per person household income class after 
adjustments had been made (not by me but by FNS) in 
the coupon allotments to allow for the existence of 
economies of size in food purchasing and consumption. 
These adjustments remove the reasons I might have 
had to make other assumptions about the price 
elasticity of demand for the program. It remains for 
Breimyer to state the reasons for his objections to 
the assumption more clearly and/or provide us with 
evidence on which to base a more realistic assump- 
tion. 

Both Breimyer and Hiemstra are upset with my 
doubt that the program has been run efficiently. By 
efficiency I mean least cost for given output. My 
statement was in recognition of the fact that prob- 
ability is low that any not-for-profit agency operates 
at “least cost” given that it is not exposed to the 
rigors of the private marketplace where inefficiency 
can be a source of rapid business failure. Of course I 
have no evidence to support either my assumption 
of efficiency (it is implied by assuming that TR=TC) 
or my doubt. My intention was neither to congratu- 
late the agency for my assumption of its efficiency 
nor to castigate it for my doubt that it was. Rather, 
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it was to note my reservations about an assumption 
I had made. i 
Western economists in the neoclassical tradition 
have concentrated on understanding the behavior of 
private markets, for-profit firms, and ‘“‘for-satisfac- 
tion” households. But ours is a society and a world in 
which the not-for-profit (both governmental and 
private) sectors play important and rapidly growing 
roles in our economic and political life. Furthermore, 
horizontal and vertical integration in the private for- 
profit sector are rapidly internalizing private mar- 
kets. With the exception of the household, the num- 
ber and kinds of institutions whose economic be- 
havior we purport to understand and be interested 
in are shrinking. I believe we are derelict as profes- 
sionals and careless of our disciplinary future if we 
do not seek to understand the economic behavior of 
not-for-profit agencies, public and private, and the 
economic behavior of markets internal to the multi- 
layered and multi-faceted corporation. My paper 
was an attempt to provide some empirical flesh for 
one of the few extant theories of the not-for-profit 
sector. That Breimyer and Hiemstra failed to realize 
this was unfortunate. 
W. Kerra BRYANT 
University of Minnesota 
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SEPARABLE PROGRAMMING FOR CONSIDERING RISK IN 
FARM PLANNING: COMMENT 


When a farmer’s risk aversion is represented by 
the Markowitz mean-variance (£,V) criterion, 
quadratic programming (QP) can be used to derive 
efficient #,V farm plans and thus array mean and 
variance combinations for choice by the individual 
farmer. The population mean and variance for re- 
turns for each enterprise are often not available. But 
QP takes sample means and sample variances ex- 


plicitly into account. Sample means and sample 
variances appear as reasonable estimates of the popu- 
lation means and population variances. Thus any 
other alternative model for generating the efficiency 
frontier will be less efficient in terms of the Marko- 
witz criterion. 

Hazell [1, 3] recommends use of the sample abso- 
lute deviation as a substitute for the sample vari- 
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ance in deriving the efficiency frontier. Thomas, 
ef al., [2] have recently used separable programming 
to approximate the nonlinear total variance con- 
straint and thus derive an approximate efficient 
E,V boundary. They also have suggested that sta- 
tistically: “insignificant” covariance terms can be 
removed to reduce model size and computer time 
requirement. Given the uncertain performance of 
existing QP algorithms in handling a relatively large 
matrix, the use of separable programming for em- 
pirical farm planning is appealing. 

However, it is the user’s responsibility to decide a 
proper grid size for a problem. There is no fixed rule 
for arriving at grid optima. The grid refinement 
technique for analyzing and refining results from a 
particular set of grid sizes may be very important. 
But this note does not criticize the use of separable 
programming to approximate the quadratic total 
variance constraint. Reliability of results greatly 
depends on the grid size specified and the appropri- 
ate piecewise linearization of the nonlinear risk func- 
tion. 

This note questions two points of the Thomas, 
et al., article: the criterion used to identify statis- 
tically “significant” covariance terms to be consid- 
ered in the model and the concluding comparison of 
“efficiency frontiers” generated by models using all 
covariances and by models using allegedly significant 
covariances. 


Statistically Significant Covariance Terms 


An efficient farm plan is an organization which for 
given E bas minimum Y or for given V has maximum 
E. The Thomas, et al., model generates the maximum 
E for given levels of V while maintaining linear feasi- 
bility constraints. Separable programming provides 
a technique for approximating a nonlinear functional 
equation only if it can be separated into sums and 
differences of nonlinear functions of one variable. 
Thus two new variables, Z1and Zj2, are needed for 
each nonzero covariance term such that the total 
variance constraint, 


(1) Lofks +22 onXiXe SV, 
3 < 
can be represented as a separable function, 


2D YofXP+2D oZ — Zm) SV, 
i i<h 
together with the linear restrictions on the new vari- 


ables, 


(2.2) Zm = §(X; + X+), 
and 
(2.3) Zm = 4(X; — Xa). 


Reducing the number of nonzero covariance terms 
therefore greatly reduces the resulting matrix size 
and computer time requirement. But what covari- 
ance terms can be eliminated without too much re- 
duction in the reliability of results? Thomas, et al., 
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suggested that covariance terms be eliminated if 
their corresponding correlation coefficients are re- 
jected at a 90 percent level of statistical significance. 
Af test was used to test the significance of each cor- 
relation coefficient. At first glance such a test seems 
theoretically meaningful. However, a small correla- 
tion coefficient does not necessarily imply a small co- 
variance value. Likewise, a small covariance value 
does not necessarily imply an insignificant correla- 
tion coefficient. We are concerned about total vari- 
ance of income and place a restraint on it. A large 
covariance value seems likely to be more important 
than a small covariance value. If so, a large covari- 
ance term is not eliminated simply because its cor- 
relation coefficient is small enough to be statistically 
insignificant. | 

The income variance-covariance matrix in the 
Thomas, et al., example problem [2, p. 263] reveals 
that in the “significant covariance case,” most of the 
large covariance terms were eliminated while five | 
relatively small covariance terms are included. For 
example, the returns covariance for corn silage and 
wheat is 1316.60, while for potatoes and wheat it is 
—742.40. The elimination of these two covariance 
terms seems likely to reduce the reliability of the 
results. On the other hand, the returns covariance 
for alfalfa and lambs is only —23.20, and for spring 
stocker cattle and summer finished cattle it is 
106.30. To retain such “significant” covariance 
terms in the separable programming model may be 
questionable, given the objective of reducing both 
matrix size and the computer time requirement. 


Comparing Efficiency Frontiers 


To examine the effect of removing statistically 
insignificant covariance terms, we must compare the 
efficiency frontier from the model including all co- 
variances with the efficiency frontier from the model 
divested of covariances found statistically insignifi- 
cant. It would have been relevant to compare both 
with the efficiency frontier from the comparable OP 
model, since separable programming is recommended 
as an alternative to QP in ranking farm plans in 
terms of £,V. The efficiency frontier found closer to 
the latter is more efficient. The distance between 
them serves as a rough measurement of the efficiency 
of the results. 

No attempt was made in the article by Thomas, 
et al., [2] to solve the example problem by QP. How- 
ever, this point is not discussed here. The point is 
that comparison of the “efficiency frontier” from the 
all covariance model with that from the significant 
covariance model, as shown in Figure 2 [2, p. 264], 
is quite puzzling and misleading. The total income 
variance restraint, specified as a right-hand side 
value for equation (2.1), is measured in the vertical 
axis. The solution mean income value is measured 
on the horizontal axis. If we use separable program- 
ming to approximate the left-hand side of equation 
(2.1), the actual solution income variance would 
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probably be different from the specified restraint 
level. The decision maker is usually concerned with 
the resulting farm enterprise combinations and with 
the actual solution £,V relationship. Therefore the 
“efficiency frontier’? shown in Figure 2 of [2] is 
meaningless and obviously wrong in the sense that 
no curve on that diagram is positioned to show its 
comparative efficiency. More specifically, the curve 
on the right need not necessarily be more efficient 
than the one on the left. If the omitted covariance 
terms in the significant covariance case were mostly 
positive instead of negative as they were in the 
example problem, then obviously mean income 
would decline less than it would in the all co- 
variance case, as increasing total variance restraints 
are imposed. That is, the “efficiency frontier” for the 
significant covariance case would be on the right of 
that for the all covariance case in that diagram. But 
it is incorrect to infer from this that the significant 
covariance model is more efficient. 

Therefore, to facilitate comparison of relative 
efficiency for all and significant covariance models, 
we should use the actual variance and mean income 
from optima generated by separable programming to 
form a correct efficiency frontier. See Figure 1 of 
this note. Figure 1 is drawn with information given 
in Tables 4 and 5 of the Thomas, et al., article. If QP 
solutions were obtained for this problem, we could 
draw another efficiency frontier which would be a 
reasonable estimate of the population E,V bound- 
ary. It will be located on or to the right of the all 
covariance curve in Figure 1. As has been said, cor- 
rectly, ‘... the essential problem was to find the 
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most efficient plan in terms of rank rather than to 
estimate its parameters” [3, p. 506]. The perfor- 
mance of separable programming for considering risk 
in farm planning should be judged by its efficiency 
in the selection of a farm plan which has minimum V 
for a given E. 

Joyce T. CHEN 

University of Illinois 
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SEPARABLE PROGRAMMING FOR CONSIDERING 
RISK IN FARM PLANNING: REPLY - 


Professor Chen has raised two questions concern- 
ing our approach to determining the efficiency fron- 
tier in farm planning problems. These will be taken 
up in order. 

Her first criticism concerns our use of statistical 
tests to identify nonsignificant estimates of covari- 
ance terms and our subsequent substitution of zero 
values for those found to be insignificant. Once one 
accepts E,V efficiency as a criterion for identifying 
the efficiency frontier, then one of the major prob- 
lems is to determine the appropriate mean vector 
and dispersion matrix for the variables which appear 


in the problem. The case where mean and dispersion 
parameters are known appears seldom outside the 
realm of simulation studies. If known parameters 
exist, they would almost certainly be used. In other 
cases it may be appropriate to use values reflecting 
the decision makers’ subjective beliefs without any 
formal use of historical data, irrespective of whether 
such data are available. Markowitz’s work provides 
an example [1, pp. 26-33]. There may be many other 
cases in which it is appropriate to assume that the 
moments of the joint density function which gen- 
erated past observations on gross margins are appro- 
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priate for use in determining an £,V efficiency fron- 
tier. At this point the problem becomes one of using 
statistical inference to estimate the parameters. But 
obviously the output of this process is a set of esti- 
mates and not the parameter values. In cases where 
there are a priori reasons to suspect zero parameter 
values and where evidence from the sample does 
not contradict this, then the usual procedure is to 
accept this conclusion. This is what we have done. 
Moreover, these procedures are equally relevant ir- 
respective of the algorithm to be used in quantifying 
the efficiency frontier. It is true that a model with a 
‘Jess dense” dispersion mattix will usually produce 
fewer computational problems, particularly when 
separable programming is used. However, our rea- 
sons for removing certain covariance terms con- 
cerned the logic of the problem and the properties of 
the statistical estimates. We do not advocate removal 
of covariances simply to reduce model size. 

Professor Chen suggests that the use of anything 
other than the sample point estimates of the disper- 
sion parameters will result in farm plans which are 
not efficient in the Markowitz sense. This is clearly 
untenable, for if the sample estimates are wrong, 
then the plans associated with the resulting effi- 
ciency frontier may be either efficient, inefficient, or 
infeasible. For the problem at hand, the researchers’ 
task is to obtain the best possible estimates, and this 
may result in the use of an array of statistical proce- 
dures, both classical and Bayesian. The only uni- 
versal limitation on the results which we can perceive 
is that the resulting dispersion matrix be positive 
semi-definite. 

Professor Chen criticizes the results of our decision 
process on the grounds that it leaves some relatively. 
small covariances in the model while removing some 
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relatively large ones. However, it is clear that size of 
the coefficients is no measure of their statistical 
validity. Moreover, one should note that for a given 
problem of the type under discussion, it is possible to 
construct an infinite number of fully equivalent 
problems having fully equivalent solutions merely by 
changing the units in which the variables are mea- 
sured. However, in each of the alternative formula- 
tions the covariances will take on different numerical 
values. Thus, any comparison of absolute value is 
not likely to be very informative. 

The second point raised by Professor Chen refers 
to comparisons of the efficiency frontier from the 
model containing all covariances to that from the 
model with only significant covariances. She finds 
such comparisons “puzzling and misleading.” The 
source of her puzzlement appears to be an attempt 
to conclude that the farm plans associated with the 
right-most efficiency frontier in Figure 2 of our arti- 
cle [2, p. 264] are more efficient in the Markowitz 
sense than those associated with the left-most effi- 
ciency frontier. We agree that such an attempt 
would be meaningless, and we made none. The pur- 
pose of Figure 2 was merely to present a graphic 
statement of the implications of accepting one dis- 
persion matrix rather than the other. Since the two 
curves and the corresponding two sets of solutions 
were derived from different problem statements, no 
legitimate comparison of the efficiency of solutions . 
in one set can be made with the efficiency of solutions 
in the other set. 

Wayne THOMAS 

University of Alaska 

LEROY BLAKESLEE, LeRoy ROGERS, AND 
NORMAN WHITTLESEY 

Washington State University 
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“DISGUISED” UNEMPLOYMENT ONCE AGAIN: 
EAST PAKISTAN, 1951-1961: COMMENT* 


This paper questions the validity of Robinson’s 
analysis of disguised unemployment in East Pakistan 
[2] and his conclusions that (1) three million agri- 
cultural workers were added as “surplus” labor and 
were absorbed largely through “work sharing”; and 
(2) “work sharing” would become impossible and be 
replaced by overt unemployment once the marginal 
product per worker is near the subsistence level [2, 
pp. 600-602]. 


* The author is indebted to Mr. D. A. S. Jackson, St. 
Catherine’s College, Cambridge, for helpful comments. 


“Surplus” labor has been defined in the literature 
as that which makes no positive contribution to 
output. This definition is also implicit in Robinson’s 
paper, for he argues that three million additional 
workers who raised the workers per acre ratio from 
0.41 to 0.51 were “‘surplus” since 0.41 was “the point 
at which negative marginal products began to 
occur” [2, p. 602]. However, he fails to attach*¥due 
significance to the fact that output per acre in- 
creased on the average from Rs 210 to Rs 240. This 
increase indicates that the marginal productivity of 
at least a part of the additional workers was positive. 
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His estimate of “surplus” labor does not therefore 
conform to the definition of “surplus” labor implicit 
in the paper. 

A look at the data for each district over time 
shows that additions to the “surplus” labor were 
overestimated by Robinson. In four districts (Bari- 
sal, Sylhet, Mymensingh and Rajshahi) both output 
per acre and output per worker increased with the 
increase in workers, so that the total of 1.18 million 
added in these districts cannot be counted as “‘sur- 
plus.” This means that the estimate of “surplus” 
labor cannot be put at more than 2.4 million. It 
would be even less if account were taken of some 
additional workers who could be considered produc- 
tively employed in other districts where output per 
acre increased. 

Robinson explains that the “surplus” workers 
were absorbed through “work sharing,” that is, they 
contributed part of the total man-hours which con- 
tinued to be applied in the same amount [2, p. 601]. 
He supports his explanation by an illustration of the 
shift in the average product curve of labor. The con- 
struction of the product curves, however, is not war- 
ranted by the data which provide no support for his 
assumption of the underlying homogeneity of the 
production functions in the various districts [2, p. 
594]. The diverse movements in the input-output 
relations which took place in the districts over the 
decade, as shown in Table 1, leave no scope for mak- 
ing the above assumption on the basis of which 
Robinson constructs the product curves to explain 
“work sharing.” 

Table 1 also shows that an increase in workers per 
acre was accompanied by a fall in output per acre in 
seven districts. This can be interpreted as an addi- 
tion of workers having a negative marginal produc- 
tivity. The absorption in seven districts of about one 
million workers,! whose contribution to output was 
negative, shows that the data do not support, as 
Robinson claims, the hypothesis that “when workers 


1 This shows that Robinson overestimated the addition 
to “surplus” labor, and not (as Gardner concluded [1, p. 
159]) that the data do not at all establish the existence of 
“surplus” labor. In districts where output per acre fell but 
land area increased, the number of workers added with 
negative marginal productivity has been calculated as: 


AW = ALW/L)190 


where the term AL(W/L)ism represents those additional 
workers who are assumed to have found productive em- 
ployment on new land. 


COMMUNICATIONS / 119 


Table 1. Input-output relations in agricul- 
ture in East Pakistan, 1951-1961 





Number Workers Output Output 
of districts peracre per worker per acre 
5 Rise Rise Rise 
4 Rise Fal Rise 
7 Rise Fall Fall 
1 Fall Fall Fall 


Source: [2, pp. 596-597, Tables 1-3]. 


had increased to such an extent that average prod- 
uct per worker was approaching marginal product 
and both were near the subsistence level would fur- 
ther work spreading become impossible. Past this 
point, either negative (or at least below subsistence) 
marginal products would begin to appear or the in- 
stitutional arrangements under which added workers 
were guaranteed a claim against output would begin 
to breakdown and overt unemployment appear” [2, 
p. 600]. Since, as Robinson himself assumes, “all 
additional workers ‘claim’ at least a subsistence 
share of total output because of family ties” [2, p. 
599], it is only when the average, and not marginal, 
product falls below subsistence level that increments 
to workers would become impossible.? This is because 
the phenomenon is basically that of “income shar- 
ing,” and “work sharing” is only a corollary. In 
peasant agriculture the limit to the addition of 
workers is set by the numbers that can be supported 
irrespective of the productivity of the individuals. 
G. B. S. Muyanip 
University of Cambridge 


? Robinson’s own analysis shows negative marginal prod- 
ucts in each year. In 1951 they appear in eight districts. 
In 1961 they appear in four districts and not in two as he 
shows. The estimates of marginal output per worker shown 
in Table 4 [2, p. 598] are incorrect. Given the AP functions, 


AP = 1107.17 ~ 1447.40W (1951) 
and 

AP = 756.93 — 598.85W (1961), 
the marginal product functions should be: 

for 1951 MP = 1107.17 — 2894.80W 
and 

for 1961 MP = 756.93 — 1197.70W. 


The marginal products estimated from these functions 
show that Robinson mostly overestimated. 
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“DISGUISED” UNEMPLOYMENT ONCE AGAIN: 
EAST PAKISTAN, 1951-1961: REPLY 


Dr. Mujahid’s comments fall into two categories. 
First, he denies the basic validity of the effort to use 
cross-sectional district-level input-to-output rela- 
tionships to construct a national average production 
function. Such an approach does undoubtedly consti- 
tute a kind of econometric “act of faith,” but it is not 
original or unique in the literature to the article 
under review. In any case, it is not a damaging criti- 
cism of the homogeneity assumption to show that 
the labor-land-output ratios changed differently in 
different districts. If we feed a group of animals a 
certain nutrient, some will increase their output, 
some will not, and others may show no change. But 
the average relationship still has meaning. Indeed, 
that is what regression analysis is all about. What 
we are looking at in 1951-1961 is the average re- 
sponse of output to changes in labor per unit of land. 

Second, Dr. Mujahid seems not to have under- 
stood my poor efforts at explanation of the method. 
Thus he argues that because yield per acre and total 
product rose while workers per acre were increasing, 
this is proof that the marginal product per worker 


was positive. One of the points of the article is to sug- 
gest that the mechanism which leads to this is an 
adjustment in average input per worker. Marginal 
product per worker is kept positive by reducing 
hours worked per worker. A similar confusion seems 
to. have arisen with regard to the final limit to work- 
sharing. What the article means to say is that aver- 
age and marginal product per worker approach each 
other under such very great population pressure 
(and work-sharing) that both tend toward subsis- 
tence. 

Finally, I do not seem to have made clear the basic 
point of the exercise: work-sharing will occur when 
income-sharing occurs, provided leisure has any 
value and that this is a rational response to growing 
density on fixed land. I regret that Dr. Mujahid 
fails to see this. 


W. C. ROBINSON 

National Economic and 
Social Development Board 

Bangkok 
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Book Reviews 


Cooper, Charles A., and Sidney S. Alexander, 
eds., Economic Development and Population 
Growth in the Middle East, New York, Ameri- 
can Elsevier Publishing Co., Inc., 1972, xvii + 
620 pp. ($19.95) 

This book represents the third of five studies pro- 
gramed jointly by the Rand Corporation and Re- 
sources for the Future Inc. on the economic and po- 
litical problems and prospects of the Middle East. 
About two-thirds of the book is devoted to seven 
separately authored country or area analyses: Egypt 
(Bent Hansen), Israel (Michael Bruno), Lebanon 
(Albert Y. Badre), Jordan (Michael P. Mazur), 
Iraq (Albert Y. Badre), Syria (Bent Hansen), and 
the Arabian peninsula countries and principalities 
(Edmund Y. Asfour). The area analyses are 
followed by two studies of fertility patterns and-de- 
terminants, one mainly considering the Arab Coun- 
tries (T. Paul Schultz) and the other focused upon 
Israel (Yoram Ben-Porath), Finally, there are two 
brief chapters which comment upon the process of 
adoption of new agricultural techniques (Fawzi M. 
Al-Haz and Salah M. Yacoub) and the process of 
modernization (Samir Khalaf) in the context of Leb- 
anon. Charles A. Cooper contributes a short but in- 
cisive introductory chapter. 

Each of the country studies is developed on a simi- 
lar format wherein the authors review the record 
prior to the 1967 crisis, attempt to predict potential 
trends in output and likely trends in population over 
the next ten- and thirty-year periods, and then evalu- 
ate the prospects of the countries realizing their esti- 
mated potential rates of growth. Projections are 
made on the assumption that a peaceful settlement 
of the Arab-Israel conflict will be reached in the not- 
too-distant future. 

Because of the varying quantity and quality of the 
data base available to the different authors, the pre- 
sentations vary from an exercise in selective mass 


macro-manipulations and confident future specula-. 


tions in the treatise on the Israeli economy, to an 
assemblage of courageous estimates and cautious in- 
terpretations and projections in chapters devoted to 
such economies as Syria, This country-oriented part 
of the book does, however, bring together much 
near-current comparative economic data and in- 


formed observations on each of the countries treated 
and presents this in a generally more rigorous analyt- 
ical context than will be found in most present alter- 
native source books, The two demographic chapters, 
likewise, represent an important source of informa- 
tion on population trends in the region and sugges- . 
tions regarding the main factors affecting fertility 

(especially in Egypt and Israel) and, in a less defini- 

tive sense, the likely consequences of continued high 

rates of population growth. The final two chapters 

representing additions to the growing body of litera- 

ture on the process of modernization have as much, 
general relevance as they do to the Middle East in 

particular. 

The relatively large share of the book devoted to 
Israel both records the impressivé economic achieve- 
ments of that economy and comments upon many of 
the conditions upon which this has been based and 
upon which future economic development and secu- 
rity depend. The generally stimulating influence of 
the 1967 war, the critical significance of a high rate 
of investment, the role of immigration, and the im- 
portance of an industrial structure and manpower 
development strategy more closely geared to the 
country’s major market opportunities and cultural 
ties in Western Europe and the United States are 
clarified in the treatment: On the demographic side, 
the dilemma posed by low levels of fertility on the 
part of the higher income local Jewish population 
relative to fertility levels of the non-Jewish popula- 
tion of both Israel proper and the administered areas 
is made more apparent as is the significance of the 
Soviet Union as a potential source of additional de- 
sired immigrants. Overall the future of the country, 
in spite of its inhospitable regional environment, is 
viewed optimistically by the authors of the chapters 
concerned, and full economic independence——an abil- 
ity to continue to grow without continued outside 
financial aid—is predicted by 1980. 

More interesting and informative to most readers 
will probably be the chapters on the Jess well publi- 
cized and analyzed economies of the Arab countries 
included in the study. In general they are all excel- 
lent analyses within the data constraints that have 
confronted all of the authors. The overwhelming 
conclusion that- emerges is that the past records and 
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future growth prospects of most of these countries 
are not half bad. As one of the editors notes: “The 
Middle Eastern countries should, on the whole, be 
viewed as examples of past development success,” 
and “with the possible exception of Syria,” they all 
warrant “the presumption of satisfactory future 
growth.” A 6 percent rate of growth is considered to 
be a realistic target in most cases. Beside numerous 
references to the generally deleterious impact of the 
crisis with Israel on most of these Arab countries 
and to the demographic issue, many additional topics 
of development interest are discussed. These include 
the immediate importance of the Yarmuk project 
and the Euphrates Dam to the development pros- 
pects of Jordan and Syria; the limits to land devel- 
opment at the extensive margin and the particular 
significance of this to the Syrian economy; the gen- 
erally difficult problem of modernizing traditional ag- 
riculture and its pervasive importance in the devel- 
opmental ‘task facing the region as a whole; the 
broader problems of organization and management 
that are critical to`the needed upgrading of the effi- 
ciency of investment both in agriculture and industry 
and the interrelationships between this issue and 
Arab socialism; the role and significance of oil in the 
Arabian Peninsula and in the development strategies 
of Iraq and Syria; and the great contrasts that do in 
fact exist between the several economies analyzed, 
Arab though they all be. 

The book is unquestionably an important contribu- 
tion to the better understanding of all the countries 
analyzed and should be of particular interest to stu- 
dents of comparative economic development, The in- 
troduction by Charles A. Cooper stands on its own 
as an excellent brief on issues in economic develop- 
ment; the book is not primarily an agricultural sec- 
tor reference, but it does supplement other materials, 
especially the first volume in the same series of stud- 
ies. The relative role and significance of the agricul- 
tural sector in future development projections re- 
ceives treatment in each of the country studies. 

The main criticism to be leveled at the book is not 
- with respect to what it does but what it does not do. 
It does not go nearly far enough as a regional study. 
Important countries such as Libya and the Sudan, 
not to mention non-Arab countries other than Israel 
—like Turkey and Iran—are excluded from any 
consideration. More importantly, however, with the 
exception of the interregional study of fertility and 
Bent Hansen’s cross-references between Egypt and 
Syria, most of the truly regional interpretation is left 
to the reader. This no doubt was the intention of 
those who planned the study and has a certain merit. 
However, one might have expected a greater part of 
the book to have been devoted—-without loss of ob- 
jectivity—to a systematic treatment of the record 
and potentialities inherent in regional economic 
cooperation among the countries of the area (with or 
without the participation of Israel). At least a chap- 
ter on past, present and potential interregional com- 
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merce and finance would have served as a vehicle for 
a broader multi-national perspective with at least as 
much justification from an economic development 
point of view as the emphasis given to the study of 
fertility patterns and determinants. Likewise, “hot po- 
tato” though it be, an attempted economic cost-ben- 
efit analysis of the 1967 war and its aftermath with 
respect to the different countries in the region might 
have produced some interesting food for thought for 
those interested in working toward a resolution of 
this basic issue that was purposely swept under the 
rug as part of the methodological terms of reference 
of the study. In his introduction, Cooper begs the 
issue by saying that for any assessment of “the full 
impact of the Middle Eastern crisis on the future 
economic development of. the area . . . art rather 
than science is called for.” The fact is, however, that 
more of it is susceptible of being clarified by objec- 
tive inquiry than was attempted in this most relevant 
unit in the total set of five studies. The remaining 
two would have benefitted from having had the issue 
addressed more specifically in the context of this 
particular work, 
Wyn F. Owen 
University of Colorado. 


Gregory, G. Robinson, Forest Resource Econom- 
ics, New York, The Ronald Press, 1972, viii + 
548 pp. ($12.50) 

There are now three modern textbooks from 
which instructors of upper division and graduate 
level courses of forest economics may choose rather 
than write their own syllabus. Not only are there 
now three (the first was Worrell’s in 1959 [2] 
followed closely by Duerr’s in 1960 [1]); but all are 
good in their own ways. Gregory’s book, however, 
may represent a welcome middle ground for those 
who want something a little less heavy on production 
theory than Duerr’s, yet a little more expansive on 
the new welfare aspect of forestry than either 
Duerr’s or Worrell’s. Furthermore, students should 
appreciate its readability since it is markedly less 
professorial in tone than either of its predecessors; 
in fact, it is downright frivolous in spots. At any 
rate, because it is the first new text in its field in a 
decade, it should attract considerable attention, 

Although newly published, Professor Gregory’s 
book is, to a point, a fairly traditional presentation 
of the subject of forestry economics. In this respect, 
it can be viewed as commentary on the state of de- 
velopment of this field of applied economics. “Forest 
resources” turn out to be mostly timber since nearly 
three-quarters of the text deals with timber produc- 
tion, prices, and wood products. However, unlike the 
earlier works of Worrell and Duerr who treated such 
forest products as recreation and wildlife as interest- 
ing but tangential topics, Gregory brings them out 
for equal billing as part IV, “Non-Timber Products 
Economics.” Further, the text is not highly quantita- 
tively oriented nor does it incorporate the more so- 
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phisticated tools of management science. 

Forestry economics is rationalized as a special 
field of economics by the pervasive (and perhaps 
perverse) “. . . biological nature of the resource it- 
self and by the time span involved in forest produc- 
tion.” Thus, students of forest economics often have 
a surprisingly (surprising at least to many of their 
more “pure” colleagues studying agricultural eco- 
nomics) superior understanding of the arithmetic 
and application of compound interest. 

Although courses in forest economics customarily 
require advanced undergraduate standing of the stu- 
dents and at least a solid series of “principles of eco- 
nomics” coursework as a prerequisite, economics is 
usually reintroduced at several points in the course 
at an elementary level and decorated with forestry— 
related examples. Gregory follows this penchant for 
reteaching economics, perhaps anticipating the low 
infection rate of most forestry students following ex- 
posure to an achingly dull “principles of economics” 
course endured in their freshman year. Professor 
Gregory is a bit more organized and explicit about 
this, however, than either Worrell or Duerr. He actu- 
ally labels the 47-page “Part I” of the book “Review 
of Economic Principles.” He warns the reader that 
the primary emphasis of this section and the text is 
micro- rather than macro-economics; and it is in 
both instances. 

Two topics which may be of special interest to 
forest economists for the purpose of comparing Pro- 
fessor Gregory’s text with its predecessor are taxa- 
tion and stumpage valuation for pricing. Worrell has 
very little to say about forest taxation; Duerr and 
Gregory provide two and one chapters respectively 
on the topic. Gregory’s treatment is very similar in 
part to Duert’s, although it is less detailed and more 
cleancut in organization. The discussion of capital 
gains taxation is the strongest point of the chapter 
on taxes and contains a plea for averaging gains, an 
admittedly difficult administrative challenge, but an 
approach which might encourage more intensive 
utilization and management of timber resources. 

Professor Gregory’s presentation of the theory of 
stumpage price formulation is clearly a major im- 
provement over that of both Duerr and Worrell. He 
provides students (and professors) a singular service 
by developing frameworks for stumpage valuation 
that are much more revealing and rigorous than the 
simple residual value or economic rent methods usu- 
ally taught. As he points out, these more traditional 
approaches are stumpage purchaser oriented, biased 
toward demand analysis, and generally unsuited for 
evaluating supply especially when stumpage suppliers 
exercise a reservation price strategy. Housing de- 
mand, log exports, mixed forest land ownerships, lo- 
cation, alternative market structures, taxes, and 
other forest users are all current and continuing 
American forestry policy issues which are woven into 
stumpage price analysis by Professor Gregory. 

Finally, forestry economics is given resource eco- 
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nomics legitimacy by Gregory’s analysis of multiple 
use forestry and wildlife, water and recreation as- 
pects of forestry. However, the legitimacy clincher is 
provided by the chapters on “Public Production and 
Welfare” and “Benefit Cost Analysis.” These sub- 
jects are seldom treated explicitly in forestry eco- 
nomics courses. Forestry students must therefore 
rely upon elective or graduate coursework taken in 
agricultural economics departments. This is a near 
tragedy which Professor Gregory’s text may help to 
avert since the “new issues” of American forest man- 
agement faced by the new forestry graduate students 
are squarely within the province of welfare and re- 
source economics. Gregory does not, understandably, 
provide answers to all of the questions to which he 
directs the attention of the reader; but the questions 
which relate largely to public policy are a major con- 
tribution. 

Tacked onto the end of the book is a chapter on 
international trade and economic development in for- 
estry. Those who know about Professor Gregory’s 
extensive activities in international affairs will be 
disappointed in the small size of this window on an 
increasingly important area of involvement of Amer- 
ican foresters. However, the disappointment should 
be tempered with the realization that this could be 
the subject of another text. 

No book, of course, will appeal strongly to all 
readers. Professor Gregory’s text, in spite of its con- 
siderable contributions, lends itself to criticism 
largely because it attempts too much and thus wid- 
ens its circle of potential critics. This may mean that 
it will be a text which offers more than can be ac- 
commodated in a single course in forestry economics. 
Further, experts in each of its many topics will be 
numerous and will undoubtedly find an X, Y or Z 
that the author neglected while he discussed A, B or 
C. 

Jay M. HucHeEs 
Cooperative State Research Service, USDA 
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Hayami, Yujiro, and Vernon W. Ruttan, Agricul- 
tural Development: An International Perspec- 
tive, Baltimore, The Johns Hopkins Press, 1971, 
xiv + 367 pp. ($10.00) 

This book represents an attempt to employ micro- 
economic theory to advance the understanding of the 
process of agricultural development. In the authors’ 
view the perspective they outline represents a serious 
challenge to much of the doctrine and ideology that 
has dominated recent development theory and policy 
(p. 306). Their target in this assertion is the macro- 
planning perspective that has dominated postwar de- 
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‘velopment thought and that emerged from the 
Keynesian revolution. 

The authors identify the capacity to develop a 
technology consistent with environmental and eco- 
nomic conditions as the single most important vari- 
able that explains the growth of agricultural produc- 
tivity of nations. They postulate a theory of. induced 
development that gives a major role to factor prices 
in explaining the innovative activities of public sec- 
tor research institutions in producing technical 
change. Their investigation into the process by which 
public sector research responds to economic and so- 
cial forces leads them to a consideration of the pro- 
cess by which institutions more generally evolve in 
response to economic and technical opportunities. 

The text of the book is divided into five parts, and 
there are four appendices containing most of the ba- 
sic data used in the analysis and a description 
thereof. Part I, titled Problems and Theory, contains 
a concise review, integration, and synthesis of the 
various strains of agricultural development thought 
as they have evolved in the postwar period. The 
first of two chapters is concerned primarily with thé 
role of agriculture in economic development theories 
and gives particular attention to the more recent 
growth stage and dual economy literature. A major 
thesis of the authors is that most development econ- 
omists concerned with agriculture have concentrated 
on identifying the role of agriculture in the total de- 
velopment process, to the neglect of attempting to 
understand the agricultural development itself. 

The following chapter, which takes a longer histor- 
ical perspective, reviews the presently available theo- 
ries of agricultural development per se. This review 
deals successively with the conservation model, the 
urban-industrial impact model, the diffusion model, 
and the high pay-off input model. The scholarship 
in this chapter is of a high order, and almost anyone 
concerned with agricultural development can benefit 
from a careful reading and study of its content. 

_ This chapter terminates with a preliminary specif- 
cation of the Hayami-Ruttan induced development 
model. This model is basically a theory of technical 
change and is based on the division of technological 
processes into two classes: mechanical processes, on 
the one hand, and biological and chemical. processes, 
on the other. In the authors’ view, mechanical equip- 
ment is viewed primarily as a substitute for labor, 
and “evolution of the mechanical equipment is de- 
signed to bring about larger output per worker by 
increasing the land area which can be operated per 
worker” (p. 50). Fertilizer, on the other hand, is a 
substitute’ for land, and “the new husbandry tech- 
niques or the new seeds in which new biological and 
chemical technologies are embodied can be viewed 
primarily as the inputs which facilitate the substitu- 
tion for land of artificial sources of plant nutrients, 
either purchased or produced by more labor-inten- 
sive conservation systems” (p. 53). eee 
The multiple paths to technical change which 
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these alternative processes make possible provide the 
basis for a theory of induced technical change. Such 
a theory is not new, as the authors recognize (p. 55), 
but their extension of the theory to include the inno- 
vative activities of the public sector is, And this is 
one of their major contributions. 

Part II of the book contains two chapters which 
analyze the productivity differences among countries 


-on almost a world-wide scale. In the midst of this 


empirical work the authors specify their induced de- 
velopment model more rigorously by the use of a 
metaproduction function which accommodates differ- 
ences in technology, and by hypothesizing that tech- 
nical change will evolve in response to resource en- 
dowments and factor prices, and in such a way as to 
economize on the scarce resource. In this way techni- 
cal change serves to break down the barriers to fur- 
ther agricultural development. 

Part III contains a detailed analysis of agricul- 
tural growth in the United States and Japan. These 
two countries typify the two extremes of labor-sav- 
ing and land-saving technological processes, and data 
from them are used to test the induced development 
hypothesis. The second chapter of this part, titled 
Science and Progress in Agriculture, contains de- 
tailed-historical descriptions and analyses of how sci- 
ence and technology were applied to the agriculture 
of these two countries. This chapter is fascinating 
reading, perceptive, and quite insightful. One cannot 
help but admire the enormous intellectual effort in- 
volved in reviewing the literature and synthesizing it 
into a meaningful whole. 

Part IV poses the question, “Can Growth Be 
Transferred?” The first of its three chapters deals 
with the Theory and History of International Tech- 
nology Transfer. The second is a Perspective on In- 
duced Transfer of Technology, which provides (a) 
an induced development hypothesis for the new cere- 
als technology, (b) an analysis of the transfer of rice 
production technology from Japan to Taiwan and 
Korea, and (c) a discussion of the implications for 
the recent development of high-yielding varieties in 
the tropics. The third chapter is concerned with 
Technology Transfer, Trade, and Agricultural Trans- 
formation. 

The final part of the book is concerned with Re- 
trospect and Prospect. The first of its two chapters 
is concerned ‘with Disequilibrium in World Agricul- 
ture and points out that the large productivity and 
income differences among countries are prima facie 
evidence of a massive disequilibrium in world agri- 
culture. The authors explore how this disequilibrium 
arose in the postwar world and then attempt to use 
the induced development model to illuminate a num- 
ber of major considerations in the development of 
effective agricultural development policy. This chap- 
ter contains a good critique of policy in both the de- 
‘veloped and developing countries. 

The final chapter deals with Agricultural Transfor- 
mation and Economic Growth. In it the authors 
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draw out the implications of their analysis and make 
their policy recommendations. The tone is one of 
moderate optimism, and the emphasis is on how in- 
stitutions, as well as science and technology, can be 
mobilized to serve development objectives. However, 
there is a warning that the opportunities for agricul- 
tural development that now seem apparent with the 
Green Revolution will not be easily obtained. 

This book is destined to be one of the landmarks 
in the development literature. As the above descrip- 
tion of its contents indicates, the subject matter cov- 
erage is great. The book represents an unusual combi- 
nation of theory, historical and cross-country analy- 
sis, and an extraordinary grasp of an enormous body 
of literature. Its scholarship is vast, and the analysis 
is insightful, relevant, and provocative. It represents 
a significant effort of synthesis, suggests a number of 
helpful new ways of looking at old problems, and 
makes important empirical contributions in its own 
right. Although there is bound to be disagreement 
with many of the arguments and hypotheses pre- 
sented in the book, it will serve as a point of depar- 
ture for much additional work, and even those who 
disagree with it will have to honor and respect it. 

It is difficult to do justice to the book in the space 
permitted in an ordinary review. However, the 
following comments may help focus on some of the 
major issues and serve as a point of departure for a 
more extended discussion which hopefully will follow 
in the literature: 

1. Their theory provides the basis for extending 
trade and development theory in an important way. 
Presently received doctrine does not tell us how the 
technological state of the world is determined and 
hence has little to say about inter-country differences 
in productivity, or what is almost the same thing,~ 
inter-country differences in income levels, In the 
Hayami-Ruttan model, technology becomes an endog- 
enous variable and is explained in large part by rela- 
tive factor, endowments. 

2. The linkages which Hayami and Ruttan postu- 
late between farmers, research institutions, and the 
kind of technology which is generated and adopted is 
one of the most insightful, and perhaps ultimately, 
most useful aspects of their analysis, (It will proba- 
bly also be the most controversial!) It is rich in pol- 
icy implications, particularly with respect to how to 
organize an effective research organization. 

3. In this reviewer’s opinion, however, it is a mis- 
take to imply that a theory of induced technical 
change is a theory of agricultural development. The 
authors’ conception of agricultural development is 
much too narrow and begs many of the really impor- 
tant questions. The failure to translate the implica- 
tions of the technical change into explanations of 
the income of rural people is of special concern. 

4. The lack of attention given to education is 
somewhat surprising, even accepting the authors’ 
concern with technical change as contrast to per cap- 
ita incomes. Moreover, it is worth noting that the 
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linkages between economic conditions and institu- 
tions which they postulate offer considerable promise 
as basis for understanding why some societies invest 
in education while others do not, as well as why indi- 
vidual societies stress the kind of education they do. 

5. Even as a theory of induced technical change, 
however, the model is incomplete. It emphasizes fac- 
tor prices and resource endowments and as a result is 
quite useful in explaining the direction which techni- 
cal change takes in the resource-resource dimensions. 
However, it says little about either the rate at which 
technical change is adopted, or the extent to which it 
is adopted, both of which are important if technol- 
ogy is in fact to become an endogenous variable 
within the system.* 

6. One of the puzzles in the Hayami-Ruttan 
framework is the asymmetric treatment of land, la- 
bor, and capital in their model. They are concerned 
with land and labor as barriers to agricultural devel- 
opment. Their analysis focuses on these two pri- 
mary factors of production and rather leaves capital 
to the side. 

The lack of symmetry in the treatment. of land, 
labor, and capital imposes serious limits to the appli- 
cability of their model. This can perhaps best be il- 
lustrated by the development problems of a country 
like Brazil, in which neither Jand nor labor are barriers 
to output expansion, If one were to take the 
Hayami-Ruttan model at face value; there would be 
no basis for technical change, since both of the pri- 
mary resources are in relatively abundant supply. Yet 
surely this is wrong, and surely Brazil has a great 
deal to be gained by generating and adopting new 
production technology, if for no other reason than its 
importance as a source of income streams. 

It is unsatisfactory to say that the generation and 
adoption of technology under these circumstances 
would be outside the confines of the induced devel- 
opment model. If capital is the limiting resource, 
then the production technology should economize on 
the use of this resource, and not on either land or 
labor. However, we seldom: conceive of technical 
change as economizing on the use of capital, and cer- 
tainly Hayami and Ruttan do not. Yet, making the 
limited supply of capital more productive is a rather 
common and important problem in developing coun- 
tries. Moreover, many of the employment problems 
such countries face are a result in part of adopting 
technology which has been developed in a labor- 
scarce, capital-abundant economy. The question this 
reviewer would pose is whether we leave capital-sav- 
ing technology out of our models by historical acci- 
dent, or whether there is more to it than that. 

7. Chapter 8 on the theory and history of interna- 


1A Brazilian economist, Ruy Miller Paiva, has stressed, 
this aspect of technical change in a recent paper [1]. 
This paper is available in English from the Department 
of Agricultural Economics, Purdue University (mimeo- 
graphed). 


126 / Boox REVIEWS 

tional technology transfer is rather narrow in scope. 
It concentrates on the foundation-sponsored Interna- 
tional Centers in México (CIMMYT) and the Phil- 
ippines (IRRI), and largely ignores the major insti- 
tutional development efforts of the USAID, the 
United States universities, and the foundations. It 
seems clear that these institutional development ef- 
forts have been directed to Hayami and Ruttan’s 
third phase of international technology transfer: ca- 
pacity transfer. Important increases in the indige- 
nous capacities to train researchers, and in the stock 
of researchers, have been brought on stream as a 
result of these programs. Although not producing the 
dramatic short-run impact of the new cereals, this 
increase in trained manpower and in the installed ca- 
pacity for training and research is what will likely 
produce the bulk of the adaption of new technology 
to local conditions in the next decade. 


* * * 


‘It is no discredit to Hayami and Ruttan that they 
have not solved all our problems. They have set the 
base for a great deal of additional theoretical and 
empirical work, and we are certainly much closer to 
understanding the development process as a result of 
their efforts. Their book will serve as a useful refer- 
ence for students of agricultural development, can 
serve as the basic text for graduate-level courses in 
development, and has immediate implications for sci- 
ence and technology policy in the developing as well 
as the developed countries. ; 

G. EDWARD SCHUH 
Purdue University 
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Kay, David A., and Eugene B. Skolnikoff, eds., 
World Eco-Crisis, Madison, Univ. of Wisconsin 
Press, 1972, vii + 324 pp. ($2.50) Paper 
The theme of this collection of thirteen essays, 

most of them by prominent figures in the environ- 
mental field, is given in the book’s sub-title: “Inter- 
national Organizations In Response.” Yet increas- 
ingly, observers of the environmental dialogue 
rightly wonder whether portents of doom do not take 
on the character of a repeated cry of wolf. “Interna- 
tional Organizations’—for the most part, of course, 
the U. N.—in response to what? Merely to use the 
frightful term “‘eco-crisis” does not, in the absence of 
evidence on the nature and extent of man’s threat to 
global ecological cycles, necessarily demonstrate the 
magnitude of the problem. 

Following an introduction by Maurice Strong, two 
introductory essays—-one on “Population, Resources 
and Technology” by Nagli Choucri and James Ben- 
nett, and the second on “The Time Dimension of 
Environmental Policy” by Dennis Meadows and Jor- 
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gen Randers—seek to furnish needed perspective. 
The empirical data in these articles are relatively 
sparse, at a high level of aggregation, and present 
few facts that will surprise a reader familiar with the 
literature of the field. Together, the essays reinforce 
existing widespread intuitive beliefs that the ecologi- 
cal problem has serious transnational and intergener- 
ational dimensions, rather than establish any situa- 
tion so widespread and imminently threatening as to 
justify the term “eco-crisis.” It should be added, how- 
ever, that the Meadows-Randers piece does furnish 
an elegant demonstration of an important (though 
oft-inspected) point: that time lags in processes of 
environmental degradation can often commit an eco- 
system to irreversible deterioration before symptoms 
become sufficiently widespread to elicit needed 
changes in the known activities which drive the 
degradative sere. 

After the introductory essays, the papers deal 
mostly with the broad outlines of institutionalized in- 
ternational programs in the environmental area. 
Though the emphasis perforce is on the United Na- 
tions and its instrumentalities, more-than-adequate 
and generally illuminating material is also presented 
on the roles of regional groupings such as O.E.C.D., 
international fiscal agencies such as the World Bank, 
and even the trade sector per se—the latter in a 
characteristically trenchant and hard-headed piece by 
two well-known analysts, Ralph D’Arge and Allen 
Kneese. 

For potential readers of these institutionally-ori- 
ented articles, there is good news and bad news. 

First, the good news. The essays doubtless repre- 
sent a compendious presentation of the state of 
scholarship in the field. They bespeak intelligence 
and intellectual authority, but more than this, a 
sense of reflective understanding of a complex area, 
James A. Lee’s discussion of “Environmental Consid- 
erations In Development Finance” will be found par- 
ticularly illuminating in an important area, especially 
to the readers of a primarily political orientation to 
whom this collection seems to be directed. The prose 
in general is clear and pleasing, burdened with an ab- 
solute minimum of jargon. Because the categories in 
most of these presentations tend to run, in the main, 
in terms of organizations, broad trends, and jurisdic- _ 
tional lines, there is a sense of high abstractness to 
the book as a whole. But with this qualification men- 
tioned, it remains that the writing is of a generally 
high caliber—concise, clear, communicative. 

Now for the bad news. Much of the descriptive 
material—and the material is generally descriptive, 
rather than theoretical or analytical—reads like an 
organization chart presented in words rather than in 
pictures. But the impact is very much the same, a 
sense of surrealism or even irrelevance, at least to 
the degree that one doubts the ability of formal 
specification of authorities, jurisdictions or planned 
areas of activity to suggest how the world really does 
(or will) work. The “organizational chart” level of 
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analysis particularly marks the pieces by Brian John- 
son (on the United Nations post-Stockholm institu- 
tional response, a long wish-list of planned activi- 
ties), Amasa Bishop and James Munro (on United 
Nations specialized agencies’ roles), and Gordon Mac- 
Donald (a readable summary overview, pointedly 
keyed to the division of technical problem areas, en- 
titled “International Institutions for Environmental 
Management”). 

Most notably absent are cost or even projected 
budget figures, let alone estimates of benefits likely 
to be gained for various levels of outlay. One is skep- 
tical whether all the organizational charts and speci- 
fications of jurisdiction in the world will accomplish 
very much unless missions are converted into pro- 
grams—and that means money, people, and power. 
This book suggests a large-scale response to what 
the title identifies as an absolutely crucial problem, 
but the prescriptions nevertheless remain general, 
hortatory, and almost entirely formal. 

As a start, both as a work of scholarship and as an 
agenda for practical action, World Eco-Crisis is a 
useful work. But it is no more than the barest of 
starts when, on the authors’ own showing, a great 
deal more than that is in order. 

GERALD GARVEY 
Princeton University 


Kneese, Allen V., and Blair T. Bower, eds., En- 
vironmental Quality Analysis: Theory and 
Method in the Social Sciences, Baltimore, The 
Johns Hopkins Press for Resources for the Fu- 
ture, Inc., 1972, ix + 408 pp. ($12.00) 

This work contains a snapshot of 10 research proj- 
ects, seven economic and three political science ori- 
ented, supported by Resources for the Future, in the 
area of environmental quality. Presented at a 1970 
conference, the papers were discussed and revised 
for this publication; they display the high quality 
precedent established by RFF publications. 

The book edited by Kneese and Bower is divided 
into three sections: “Environment and Economic 
Growth,” “Developing Management Programs,” 
and “Designing Political and Legal Institutions.” 
The first two can be reorganized and classified into 
economic research on macro and micro approaches to 
environmental quality management. 

The several macro papers include “Economic 
Growth and the Natural Environment” by d’Arge. 
He uses a general materials balance approach and 
does not include specific damage functions or alter- 
native production processes, in part due to the ex- 
tremely heavy computational load. The second 
macro paper, “A Materials-Process-Product Model” 
by Ayres, contains a stinging attack on models con- 
structed without reference to the physical and chem- 
ical production processes. The data and computa- 
tional requirements for implementation of his ex- 
panded materials balance model appear quite heavy. 
The third, by Russell and Spofford, includes the pro- 
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cesses’ specific aspects in the production model as 
well as an environmental diffusion model that ac- 
counts for residuals in the environment and a dam- 
ages model relating quantities of diffused residuals to 
damages to final receptors. The damages, and in 
some respects the diffusion, model is limited to a 
quite esoteric development of an approach requiring 
substantial advances in knowledge before implemen- 
tation. In spite of the significant differences in the 
papers, they agree that acceptable decisions in the 
environmental management area require a macro ap- 
proach, The final macro paper evaluates the impact 
of public policy decisions, especially in the environ- 
mental quality area, on various income classes. It is 
the only consideration of the income distribution 
question, and it is a good beginning. 

Papers dealing with micro economic problems in- 
clude “Observation on the Economics of Irreplace- 
able Assets,” which is outstanding. The model devel- 
oped, the explanation of the underlying theory, the 
application to the Hells Canyon case, and the discus- 
sion of option value are all clearly and concisely 
done. 

The other two micro oriented papers, concerning 
agricultural pesticides and air pollution damage, 
make significant progress toward the development of 
policy prescriptions. The authors utilize available in- 
formation, which is recognized as less than optimal, 
rather simplistic quantitative techniques, and expert. 
judgments in making tentative policy recommenda- 
tions. While neither article provides sufficient infor- 
mation to satisfy the needs of the quantitative macro 
models presented in the book, they are solid contri- 
butions. 

The remaining three papers concern political and 
legal institutions. Haefele does an outstanding job of 
indicating that often environmental institutions are 
not structured to reflect their constituency. The need 
for new and higher quality agencies is clearly demon- 
strated. Sax argues that we should expect and accept 


‘reliance upon the lawsuit by concerned individuals to 


assure the representation of the various interests. He 
cites several case examples where precedent changing 
judgments effectively balanced competing interests. 
The final paper is a chronological report of a re- 
search project identifying the leaders of the North- 
eastern Megalopolis. It implies that decisions are a 
function of the leaders’ preferences, not of institu- 
tional format. These three papers, respectively, indi- 
cate that we need to develop better institutional 
frameworks, that the court system will perform “bet- 
ter’ than formal institutions, and that personalities 
involved in leadership roles will dominate the institu- 
tional framework or the lack thereof in handling en- 
vironmental quality problems. 

In summary, the book may be an accurate reflec- 
tion of the overall state of social science research in 
the environmental quality area. The individual pa- 
pers represent the current state of model develop- 
ment in the several areas and should therefore be the 
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subject of careful scrutiny by researchers with simi- 
lar interests. But the whole of this book may be 
greater than the sum of the parts. That is, research- 
ers and others will find it quite instructive and chal- 
lenging to consider both the areas of agreement and 
the conflicts between and among the several papers. 
The appropriate level of aggregation is one of the 
questions implicitly raised by the book. Another is 
the extent of model detail necessary to achieve valid 
policy prescriptions versus the extremely serious 
problems of data availability and computational 
load. The question of appropriate public decision- 
making frameworks is only opened by the final three 
papers. 

It is quite likely that an opportunity for consider- 
able enlightenment was missed when the organizers of 
the conference from which these papers were taken 
did not get and report critical interaction among the 

‘authors. While sufficient progress in any direction 
has not been made to judge which is superior, a dia- 
logue needs to begin if the research enterprise is to 
be reasonably efficient. However, at the same time 
we must heed Freeman’s advice when he says “al- 
though there is a very large gap between what we 
need to know about the environment and what we do 
know, and this is a spur to further research, there is 
also a very large gap between what we already know 
about coping with environmental problems and what 

_ we are doing now. I think that closing this gap 
should be given our highest priority, that researchers 

have very important contributions to make to this 
effort and that these contributions should not neces- 

sarily be limited to doing more research” (p. 278). 

` Wesrey D, Serrz 
University of Illinois, Urbana 


Lee, Teng-hui, Intersectoral Capital Flows in the 
Economic Development of Taiwan, 1895—1960, 
Ithaca, Cornell University Press, xx + 197 pp. 
($10.00) 


The direction of capital flow between the agricul- 
tural and the nonagricultural sectors has been a ma- 
jor unsolved issue in development economics. Since 
the appearance of Marx's thesis of the original capi- 
tal accumulation, it has þeen an orthodoxy in social- 
ist economic doctrine that surplus in agriculture may 
be mobilized as a major source of funds for indus- 
trial capital formation in the early stage of economic 
development. Stalin’s policy of Soviet industrializa- 
tion was along this doctrine. In more recent'years, 
drawing primarily on the historical experience of 
Meiji Japan, a model has been suggested (by, among 
others, Bruce Johnston and Kazushi Ohkawa) that 
traditional peasant agriculture, prevalent in Asia, can 
increase output and productivity at a sufficiently 
rapid rate so that it can generate surplus or savings 
to be transferred for investment to the moder in- 
dustrial sector. The contemporary relevance of this 
model has been seriously questioned by Shigeru Ishi- 
kawa and Vernon Ruttan. In their perspective the 
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requirement for basic investment in irrigation and 
water control for increasing agricultural production 
at a speed compatible with the expansion of food de- 
mand due to explosive population growth in pres- 
ently developing countries in Asia is so large that the 
possibility of resource outflow from agriculture is 
limited, and the direction of net resource flow may 
even be from agriculture to nonagriculture, 

A solid empirical basis for this controversy is now 
provided by the comprehensive analysis of intersec- 
toral capital flows in Taiwan by T. H. Lee. Following 
the sectoral social accounting framework developed 
by Ishikawa [1], Lee tried to measure the net capital 
flow between sectors as the balance of intersectoral 
commodity trade, which must be met by the sum of 
the balances of current financial transactions involv- 
ing factor income payments and income transfers and 
of the capital account among sectors. In this sense, 
Lee’s “capital flow” may be defined as “the flow of 
fund potentially usable for capital formation” (a 
part may be leaked out for consumption), In his two 
sector dichotomy, the agricultural sector includes 
both the agricultural production and the agricultural 
household sectors; all other sectors including govern- 
ment and foreign trade are classified in the nonagri- 
cultural sector. 

The results of estimation indicate that the net real 
capital outflow from the agricultural to the nonagri- 
cultural sectors was recorded for the entire period 
from 1895-1960; its magnitude was significant, 
ranging from one-half to one-quarter of the total ag- 
ricultural surplus—defined as the value of sale and 
transfer of agricultural products to nonagriculture. 
The net capital outflow in invisible form due to 
changes in the intersectoral terms of trade was rela- 
tively small for the prewar period, but its weight 
grew to occupy almost 50 percent for the postwar 
period. From the financial side of capital transfer the 
rent payment was dominant for the prewar period, 
and the weights of tax and the transfer of private 
saving through financial intermediaries increased for 
recent years. 

Although Lee is very cautious in making any gen- 
eralization of the Taiwan experience, implications of 
his analysis on the theory and policy for Asian devel- 
opment seem clear. Taiwan is similar to presently de- 
veloping countries in South and Southeast Asia in 
two critical aspects. First, its initial conditions for 
modern agricultural growth in terms of the levels of 
agricultural productivity and of infrastructure for 
agricultural production, especially irrigation facili- 
ties, are comparable to those in Asian developing na- 
tions (Ch. 3). Second, Taiwan has experienced 
since the 1930’s an explosive rate of population 
growth in the order of 2 to 3 percent per annum, and 
the population pressure has resulted in reduction in 
average cultivated land area per worker. In spite of 
such unfavorable conditions, agriculture in Taiwan 
achieved sustained growth in both total output and 
output per worker while saving the cost of conven- 
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tional inputs per unit of output, thereby generating 
surplus to be transferred to the nonagricultural sec- 
tor (Ch. 4). This experience of Taiwan suggests 
that traditional peasant agriculture in other Asian 
countries today is potentially capable of similar per- 
formance. The critical elements for this success are 
_ identified by the author as: “(a) the basic agricul- 
tural investment should be accompanied by techno- 
logical improvement; (b) an appropriate investment 
scheme with large labor input and less input of capi- 


tal goods should be selected; and (c) a capital trans- . 


fer mechanism should be established” (p. 141).: 

This book is a monumental achievement in empiri- 
cal research in recent years in terms of its most com- 
prehensive and careful treatment of data based on a 
rigorous conceptual framework. An operationally 
meaningful model of economic development can only 
be built on the accumulation of research of this kind. 
It more than deserves the honor of the Ph.D. thesis 
award by the American Agricultural Economics As- 
sociation (granted to the original manuscript in 
1969), 

The book could have been more valuable if the 
explanations of method and the data (Appendix A) 
were more detailed enabling the reader to follow the 
author’s estimation procedures step by step. Also, 
more detailed explanations are desired on the advan- 
tages and limitations of the concept of “capital flow” 
and on the sector classification adopted by Lee in 
comparison with alternatives. For example, whether 
to classify resident landlords in the sonagriculiural 
sector (as was done in this study) or not would 
greatly affect the results and the implications. Justi- 
fication of the choice of 1935-1937 for the base 
years of the price indices should have been discussed 
since the direction and the magnitude of invisible 
capital flow are critically dependent on this choice. A 
major chapter that seems to be lacking would com- 
pare the results for Tatwan with other case studies, 
even though other studies are much less definitive 
than this study. 

Yoymo HAYAMI 
Tokyo Metropolitan University 


Reference 
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Northrup, Herbert R., Richard L. Rowan, Dar- 
old T. Barnum, and John C. Howard, Negro 
Employment in Southern Industry: A Study of 
Racial Policies in Five Industries, Vol. IV, 
Studies of Negro Employment, Philadelphia, 
University of Pennsylvania Press, 1970, lvi + 
710 pp. ($13.50) 

This volume is fourth in a series of books designed 
to describe racial employment policies and industrial 
structures of American industries. The series covers 
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the study of the racial policies of 30 American indus- 
tries while the volume under review focuses on five 
traditionally southern-based industries. This effort 
represents funding by the Ford Foundation and pro- 
fessors in the Industrial Research Unit of the Whar- 
ton School of Finance and Commerce. 

Few scholars have chosen to record the dimensions 
of racial employment patterns in the major indus- 
tries of the South. Described is the employment sta- 
tus of blacks in the paper, lumber, tobacco, bitumi- 
nous coal mining, and textile industries. Analysis of 
each industry concludes that the net result of union- 
ism, affirmative action programs, and government 
policy has benefited relatively few blacks in these 
southern industries. Mechanization has displaced 
black workers in the unskilled category in each in- 
dustry, and upgrading opportunities have been scarce 
for those reluctant to migrate. It was no surprise to 
find that black professionals were practically nonex- 
istence in all of these industries while being grossly 
over-represented in the bottom blue collar occupa- 
tions; correspondingly, a low proportion was found 
in the skilled craftsman and occupational group. 

Blacks were assigned to the most unpleasant, difi- 
cult, dangerous, and terminal jobs; black employ- 
ment usually thrived in proportion to the number of 
these types of jobs available. General penetration by 
blacks into skilled jobs has been more favorable 
where alternative employment opportunities were 
available for whites. It was comforting to find these 
facts so well documented in the manuscript. Due con- 
sideration is given to economic, social, historical, and 
institutional parameters of the black employment 
problems in these industries, Indeed, these were real 
impediments to the availability of entry level posi- 
tions and upgrading the employment status of blacks 
in ‘southern industries. Blacks still have a long way 
to go before they will overcome the perils of discrim- 
ination in these industries, 

The authors provide an interesting analogy of the 
influence that these industries have on racial employ- 
ment policies of new industries entering the south- 
land. The general tendency has been for in-migrating 
companies to implement employment policies similar 
to these southern-based industries. A guarded confi- 
dence is expressed for the continuation of the un- 
precedented breakthroughs of the last decade. 

The scope of the entire series of studies makes it 
difficult to be critical of broad sins of omissions. 
However, one glaring omission is study of the plight 
of black workers in the restaurant industry and do- 
mestic service. This would give a more complete pic- 
ture of black employment problems in the South. 
Another useful addendum to the reports would be 
the blacks’ conception of discrimination in all these 
industries and the extent to which they are knowl- 
edgeable of institutional remedies. Despite the minor 
problems cited, the authors have made a major con- 
tribution to documenting the plight of blacks in 
these southern industries. Surely the time is right for 
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appreciating the foresight of the authors in making 
this manuscript available. 

Howarp F. ROBINSON 

North Carolinas AST State University 


Papandreou, Andreas G., Paternalistic Capital- 
ism, Minneapolis, University of Minnesota 
Press, 1972, ix + 190 pp. ($7.50) 

Robinson, Joan, Economic Heresies, New York, 
Basic Books, 1971, xix + 150 pp. ($6.95) 
Depreciation of economic orthodoxy is in vogue. A 

score of authors have lately rivaled in accounting for 

discrepancies between received economic theory and 
unsalubrious events of our time. Five notable Amer- 
icans did a good pasting in the January 22, 1972 Sat- 
urday Review. A dozen papers at the 1971 annual 
meeting of the fledgling Association for Evolutionary 

Economics dealt with the subject [1]. 

Few critics are more distinguished, and none more 
articulate, than Andreas Papandreou and Joan Rob- 
inson, In their recent books Papandreou wields a 
sharp axe and Robinson a deft scalpel. The two be- 
gin in parallel fashion. Both name the Depression as 
the first instance of bankruptcy of economic theory. 
They turn quickly to the despairs of our day. Papan- 
dreou declares that “economists’ faith in the ther- 
mostatic role of central government” is shaken by 
unemployment-with-inflation, persistent depressed 
areas, and manifest faults in resource allocation (pp. 
10-11). Robinson cites “the persistence of poverty 
—eyen hunger—in the wealthiest nations, the decay 
of cities, the pollution of environment, the manipula- 
tion of demand by salesmanship, the vested interests 
in war...” (p. xv).2 

In their allegations of error in theory both authors 
identify school-of-thought targets. Papandreou even 
personalizes his with rank order. His secondary quar- 
ries are the team of Paul Baran and Paul Sweezy as 
spokesmen for neoMarxism, and John Kenneth Gal- 
braith and his technocratic view. Baran and Sweezy 
are applauded for several insights but deplored for 
making “Keynes . . . the theorist par excellence . . .” 
(p. 62). Galbraith is chided as “apologist ... [for a] 
more or less idealized, benign, and optimistic version 
of the actual state of affairs” (p. 65). Yet from Gal- 
braith’s thesis on eclipse of consumer sovereignty 
comes Papandreou’s book title. 

Papandreou’s select adversary is Robert Dorfman, 
janissary for what he calls mainline orthodox econo- 
mists and, when he deplores their distorted concepts 
of the state, nominalists. 


. >In her Richard T. Ely lecture to the American 

Economics Association, for which she drew on the book 
reviewed here, Robinson named the Depression and 
contemporary failures as occasioning, successively, the 
first and second crises in economic theory. “The first 
crisis arose from the breakdown of a theory which 
could not account for the level of employment. The 
second crisis arises from a theory that cannot account 
for the content of employment” [2, p. 6]. 
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Joan Robinson zeroes in on about the same group, 
but she calls them the neo-neoclassics and their 
dogma the new orthodoxy. Though not so personal in 
her refutations, she cites Ferguson for the clarity of 
his misconstructions. 

In contrast with Papandreou, Robinson is respect- 
ful to the memory of Keynes. Nevertheless, she 
grants that “he did not distinguish between profit- 
able investment and socially beneficial investment” 
(p. x). Had he lived longer he might have done bet- 
ter. Irrespective of that, there is no excuse for neo— 
neoclassics’ moving backward as they accept the ne- 
farious notion that “what is profitable is right.” 

Papandreou does not tarry in censuring contempo- 
rary theory: to characterize the modern industrial 
economy as market capitalism is a “myth,” for the 
term fits only an “ideal society of shopkeepers”; eco- 
nomic efficiency is subordinate to initial distribution 
of wealth; orthodox theory fits administrative statics 
but not creative dynamics; externalities and public 
goods are unaccommodated phenomena, 

The astute Robinson would hardly disagree but 
develops a more sophisticated argument. Skipping 
few topics in-theory, she probes interest and profits, 
nonmonetary models, prices and money, theory of 
the firm, growth models. To distill the essence of her 
viewpoint is hazardous, but it can be summed in 
terms of: influence of time, ambiguousness of defini- 
tion of factors of production and particularly capital, 
and errors in perceiving various decision patterns in 
the modern business firm. The first two are specified 
in the text; the third is inferred. 

In the modern monetary economy many current 
values are based on anticipation, a familiar axiom; 
yet the neo-neoclassics commit errors as they “at- 
tempt to escape from time” (p. 61) and, confused by 
dynamics and comparative statics, fail “to distin- 
guish between coexisting differences and sequential 
change” (p. 142). 

The neo-neoclassics, says Robinson, cannot avoid 
the capital trap: capital as equipment, capital as 
wealth, capital as finance. As to rate of profit, they 
still cannot tell us “how it comes to be what it is” 
(p. 34). 

Why are so many economic models faulty? Robin- 
son implies that theorists are forever reading in a 
behavior paradigm that is empirically invalid and 
that they snub their noses at institutional consider- 
ations, and, moreover, may be subliminally moti- 
vated ideologically. 

With these implications she joins forces once more 
with the less scholarly Papandreou. Robinson: 
“Pure theorists’ sometimes take a supercilious atti- 
tude to ‘structuralists’ or ‘institutionalists.’ They 
prefer a theory . . . uncontaminated with any, mate- 
rial content” (p. 142). Papandreou: The influential 
“behavior of the large corporation .. . is a direct 
consequence of the structure, the institution, and the 
overall value system of the contemporary capitalist 
society...” (p. 69). 
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Papandreou extends his exposition into lengthy 
discourses on political matters and processes. He 
comments on “the apex of the pyramid of power” as 
being occupied by the corporate managerial-capitalist 
elite” (p. 115). But recently the military man has 
elbowed his way in and subordinated the politician, 
International mercantilism “is one of the essential 
attributes of paternalistic capitalism” (p. 143). Vin- 
tage observations are critical of United States world 
posture, such as taunting Secretary of State Byrnes’ 
1945 rebuke to the Russians for rigging the Bulgar- 
jan elections, just after the second United States 
atomic bomb pulverized Nagasaki; and berating 
President Truman’s commitment to repel Soviet 
Communism in Greece when Stalin himself saw the 
Greek guerrillas as a threatening nuisance. Such notes 
are interesting in view of Papandreou’s identification 
with the pre-Colonels Greek government. 

Robinson toys with political bias as explanation of 
economists’ faulty expositions. She especially notes 
their apologetics for rentier income, e.g., “. . . the 
moral justification for rentier income that Marshall 
sought to derive...” (p. 14); “Keynes rather Jost 
his grip on the distinction between the rentier and 
the entrepreneur” (p. 31); and in Keynes’ “utopian 
vision of a future ... the euthanasia of the rentier 
will have removed the worst vices of capitalism...” 
(p. 80). 

Powerful though its message, and more technically 
convincing than Papandreou’s, Robinson’s treatise is 
never shrill, by no means iconoclastic. Both books 
give voice to the dilemma of all economic construc- 
tions. The economic universe is complicated beyond 
human comprehension. Therefore economic theory is 
always an exercise in abstraction. How well chosen is 
anyone’s model? The problem does not lie in achiev- 
ing internal consistency; economists manage that 
very well. It is rather in being sure the simple model 
reflects complex reality accurately enough. Perhaps 
all published models should carry a label like a ciga- 
rette warning: this abstraction may be dangerous to 
your economic understanding. 

To sum this review, Paternalistic Capitalism is en- 
gaging but not uniquely enlightening; Economic Her- 
estes is hard to read but worth it. Both take us back 
to the query asked by Papandreou’s pre-Christian an- 
cestors: in economics as in philosophy, what, indeed, 
is truth? 


Haroip F. BREIMYER 
University of Missouri 
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Rothblatt, Donald N., Regional Planning: The 
Appalachian Experience, Lexington, D.C. 
Heath and Co., 1971, xvii + 281 pp. ($15.00) 
From the beginning the federal government has 
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been concerned with facilitating the economic devel- 
opment of various regions of the nation. Policy and 
programs dealing with land, water, railroads, high- 
ways, national defense, agriculture, and many other 
topics have responded to this concern. Perhaps it is 
more accurate to say the response has been to the 
concerns of the various regions. 

A difference in recent years has been the use of 
new regional institutional arrangements to implement 
regional economic development programs, The most 
significant is the Appalachian Regional Commission 
that has employed a political base and procedures of 
program development that should have great appeal. 
Donald Rothblatt justifies his study of the ARC in 
these terms. By linking regional planning to the gov- 
ernors in a way that provides substantial rewards for 
their participation, planning is given a relevance it 
usually lacks. 

Rothblatt nicely summarizes the history of the 
Commission. He notes that two widespread occur- 
rences of flooding provided much of the impetus for 
the governors to join together, but not just to secure 
the usual federal largess for flood control. Indeed, 
water projects were put off as a focus for political 
action by giving the federal water agencies the 
time-consuming task of developing a separate water 
plan. Rather the governors seem to have seen a big- 
ger opportunity—the chance to obtain and control 
massive funding to help the depressed parts of their 
respective states. Rothblatt sees this as the matura- 
tion of a regional consciousness. Whether it was a 
new sense of region or a new sense that together 
they could have access to the federal treasury more 
effectively than separately, a focus on highways (60 
percent of the funds) was the result. A poor region 
with 9.1 percent of the population was now able to 
attract 9.7 percent of federal grants. 

Rothblatt is impressed, and he should be, by the 
two-stage decision model imbedded in the legislation 
and the procedures of the Commission. A regional 
income efficiency goal was expressed as the concen- 
tration of public investments in urban areas that had 
somewhat greater potential for future growth. This 
in turn was subject to a state-expressed sense of 
needs. While the highway program deviated from the 
regional goal from the start, the other grants were 
increasingly influenced by sophisticated planning. 
Perhaps because the wish induced the thought, Roth- 
blatt sees the procedures of ARC converging upon 
an approximation of a rational decision model. 

Based upon concepts of benefit-cost analysis, 
Rothblaft develops a two-stage analytical model that 
has some novel features. He then reviews the deci- 
sions that were made, noting that while little ben- 
efit-cost analysis was actually done, substitute crite- 
ria were employed to much the same end. He con- 
cludes that his two-stage model could have. been im- 
plemented but was not. State goals were not articu- 
lated for the first two years in terms precise enough 
for quantitative analysis. But more to the point, the 
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- governors did not want to be constrained by techni- 
cal criteria. A major weakness of the study is that 
the reasons for this reluctance to be encumbered by 
rational criteria are not as carefully examined as are 
many other aspects of the Appalachian experience. 

Much is made of the expression of a regional eco- 
nomic efficiency goal by concentration in growth cen- 
ters. The states designated the growth centers and by 
the end of FY 68, 95 percent of the dollars for non- 
highway grants went to these centers. With the im- 
plementation of one man, one vote and flexible defi- 
nitions of a growth center, this allocation rule could 
still represent little real constraint on a politically 
relevant allocation mechanism. 

Rothblatt sees two major ways to improve the re- 
sults of ARC and seems to suggest that they be in- 
corporated into the emulation of ARC being consid- 
ered in many other parts of the nation. First, some- 
thing like this benefit-cost analysis model should be 
employed to increase the efficiency of the invest- 
ments made. Second, local groups and governments 
should have greater control and participation. But 
what he does not make clear is whether the program 
could survive those changes. 

Greater local participation might well increase the 
pressure to move away from rational criteria, Roth- 
blatt also laments the fact that projects are chosen 
only between those locally initiated now, rather than 
reflecting a rational identification of local needs. 
Needs instead are expressed by the governors and 
appear based on intuitive rather than analytical 
grounds, Benefit-cost analysis has long been used to 
explain why a local request had to be denied, or to 
justify granting it, letting other considerations re- 
main unstated. The growth center concept serves 

‘much the same function. Perhaps greater local par- 
ticipation with concurrent increase in the use of such 
tools would produce more efficient results, especially 
if in the process analytically determined needs were 
translated into more effective locally initiated proj- 
ect proposals, 

But more to the point is the risk of reducing the 
rewards for participation by the governors. The pro- 
fessional’s preference for greater reliance on his ana- 
lytics sometimes blinds him to the fact that decision 
makers obtain and keep the ability to make decisions 
by building power. Governors, congressmen, presi- 
dents and agency heads compete for support. Federal 
and state agencies see regional groups such as ARC 
primarily as competitors for the same clients, A re- 
gional agency that depends upon governors for sur- 
vival has to build governor power or obtain a compa- 
rable substitute. 

The reader will find this study to be a useful ex- 
amination of one recent manifestation of regional- 
ism. But to put ARC into perspective he would do 
well to go further, such as a recent report by the 
Advisory Commission on Intergovernmental Rela- 
tions entitled Multistate Regionalism (April 1972, 
Report A-39, U.S. Government Printing Office, 
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$2.00). Here the coordination of the ARC with com- 
peting federal programs is found to be less than com- 
plete. This study also reviews the first generation of 
spinoffs from ARC, the Title V regional commission, 
and notes the lack of participation by the governors 
and the results in terms of competitiveness with 
other programs. Interstate compacts and basin plan- 
ning groups, proposed commissions for land-use plan- 
ning, transportation, and coastal zone management as 
well as Nixon’s federal regional councils are also ex- 
amined. The recommendations are mild and repre- 
sent division of opinions on where the nation should 
go with such devices. But only the Appalachian Re- 
gional Commission has developed a significant power 
base and with it a significant budget. This fact 
should not be Jost by its students and its emulators. 

We would do well to study such devices as means - 
to generate support and cut the costs of getting 
agreement. Efficiency in coalition building, bargain- 
ing across a wide range of values, reducing conflict 
and resulting inaction, and the like may have more — 
to do with achieving social efficiency than the appli- 
cation of sound project evaluation methodology. 
Rothblatt makes an attempt to get past project eval- 
uation analytics and should be praised for the at- 
tempt even though he did not get quite as far as 
this reviewer would have liked. 

Davin J. ALLEE 
Cornell University 


Schultz, Theodore W., Investment in Human 
Capital, New York, The Free Press, 1971, xii 
+ 272 pp. ($8.75) 

Schultz in Investment in Human Capital has com- 
bined writings from his earlier path-breaking re- 
search on human capital with his more ‘recent 
thoughts on its implications as a guide to the alloca- 
tion of resources in education and research. He be- 
gins by arguing that to understand economic modern- 
ization, a comprehensive view of capital is needed’ in 
which education and research are forms of capital. 
The need to bring technical change into the body of 
economic theory by accounting for the heterogeneity 
of capital is stressed. Investment can improve the 
abilities of man as well as the soil. New techniques 
require investment and become types of capital in 
this formulation. Scientific research and education 
are “industries” turning out new capital which is 
more efficient than the old. 

Schultz advances three hypotheses: when human 
capital is included, the ratio of capital to income has 
been constant; differences in earned income are pri- 
marily the result of different human investments; 
and investment in human capital is increasing the 
equality in the distribution of personal income. 
These are extremely important hypotheses which we 
will return to later. 

He then looks at studies of the cost of education 
and the capital stock of education in preparation for 
a discussion of allocating resources to education ac- 
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cording to their rate-of-return. He concludes that the 

rate-of-return is most useful as an indicator leading 

to efficient allocation although the available esti- 
mates of factor costs and social rates-of-return are 
far from satisfactory. 

Schultz next turns to the allocation of resources to 
research, He says research has two economic roles; it 

-is transformed into new skills or into new materials. 
He feels that economic studies to clarify the return 
on research are feasible and represent a priority area 
of analysis. 

In the final section he calls for an approach to 
economic research that includes institutions.as vari- 
ables which respond to the dynamics of economic 
growth. He claims that once agriculture achieves a 
growth momentum, the farmers will demand institu- 
tional change. 

Human capital has had a profound influence on 
economic theory and practice over the past decade. 
Schultz has been one of the major forces behind this 
influence and an eloquent spokesman for the study 
of investment in man, This book continues in that 
tradition. : 

It was disappointing, however, to find no mention 
of several recent criticisms of human capital theory 
as presently formulated. The critics raise important 
questions which appear to limit the usefulness of hu- 
man capital theory as a guide to resource allocation 
until they are resolved. For example, Gintis [1] has 
shown that we know very little about the mechanism 
through which education affects productivity or 
earnings. His work indicated that the function of 
schools most related to worker productivity and 
earnings was the imparting of personality traits and 
attitudes conducive to job performance rather than 
cognitive development. If true, rate-of-return calcu- 
lations have little substantive meaning since little is 
known about the relationship between the cost of a 
year’s schooling and the effectiveness of schools in 
socializing their students. This implies that while 
Schultz’ second hypothesis may be true, the more in- 
teresting question is why. The question of how edu- 

_ cation affects productivity and earnings should be 

given high priority in future research, 

As a second example, Thurow has raised another 
problem with rate-of-return to education calcula- 
tions. He notes that if the labor market is character- 
ized by job competition rather than wage competi- 
tion, “neither marginal nor average income gaps be- 
tween high school and college laborers serve to esti- 
mate the gains from more education either to the in- 
dividual or to society” [2, p. 32]. Thurow concludes 
the job competition is prevalent in the labor market 
and questions Schultz’ third hypothesis. This is an- 
other question on which evidence must be gathered 
before much faith can be placed in using the rate-of- 
return to allocate resources to education. 

In summary, this is a very readable and occasion- 
ally stimulating book, especially the treatment of re- 
search and institutions, However, human capital the- 
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ory has more gaps to be filled than are indicated in 
this book before it should be taken too seriously by 
policymakers. Although it is primarily written for 
the noneconomist interested in the allocation of edu- 
cation and research, it is an excellent introduction to 
developments in human capital theory for econo- 
mists not familiar with the literature in this area. 
Agricultural economists will appreciate the wealth of 
examples he pulls from the agricultural sector. 
HAROLD BEEBOUT 
Urban Institute 
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Webber, Michael J., Impact of Uncertainty on 
Location, Cambridge, The M.I.T. Press, 1972, 
xviii + 310 pp. ($12.95) 

To fully explain why economic activity is un- 
evenly distributed over space, it is necessary to con- 
sider the impact of uncertainty on firm decisions. 
That is the central theme of this book, and it is one 
that interests many readers of this Journal. Webber 
does not claim to offer a fully integrated theory of 
how uncertainty should be treated, but has set out 
“to supply a preliminary account of one direction in 
which new location theory may profitably evolve” 
(ix). The first part of the book deals with location 
patterns under certainty (Chapters 2-4) and the 
second part with location patterns when entrepre- 
neurs are uncertain (Chapters 5-9). The term un- 
certainty as used by Webber refers to decision mak- 
ing under conditions of less than perfect knowledge. 

Webber examines the effects of uncertainty which 
arise from three sources: the behavior of rivals, the 
state of the environment, and changing techniques of 
production. Uncertainty concerning the location deci- 
sions of rivals is found to encourage firms to locate 
within towns. Such behavior can be reproduced using - 
game-like models for linear and bounded markets 
(Chapters 6 and 7). Comparing these location deci- 
sions with those of firms in certainty models, Web- 
ber concludes that place sizes result which are larger 
than optimal. As one possible remedy, he suggests 
land use planning under which particular sites are al- 
located to particular uses (p. 281). 

Uncertainty concerning the state of the environ- 
ment is shown to influence a firm’s production deci- 
sions. Costs and returns vary over space in a nonuni- 
form manner in response to price and yield varia- 
tions, to changes in the growth rate of the economy, 
innovations and changes in fashion, and other sto- 
chastic elements. While it is difficult to generalize 
about yield variability and space, numerous investi- 
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gations support the notion that such variability does 
influence production decisions. With respect to price 
variability, Webber illustrates his conclusion that the 
more distant a firm locates from its market, the 
larger the variability in prices and, therefore, the 
greater the uncertainty of returns. He shows how the 
location of production over space is influenced by 
these forces through the allocation of inputs among 
competing enterprises, the scale of output selected 
by the firm, and through factor costs (Chapter 8). 
While some information concerning the probable fu- 
ture state of the economy might be provided by a 
planning authority, the author holds that it is quite 
unlikely that this source of uncertainty can be over- 
come, Some improvement in production decisions 
might be possible through an insurance scheme, al- 
though such potential improvements should be 
weighed against expected costs of the program. 

Lags in the adoption of new techniques of produc- 
tion are found to result in social inefficiencies. 
“These inefficiencies are due, firstly, to the fact that 
entrepreneurs do not adopt innovations quickly and, 
secondly, to the fact that learning processes may im- 
ply sub-optimal locational equilibria” (280). He sug- 
gests that more rapid diffusion might result from 
mass media advertising and by paying individual en- 
trepreneurs to advocate the innovation to others. In- 

. cluding location factors in a diffusion model leads 
Webber to the conclusion that “the rate at which in- 
novations are adopted profitably increases with the 
size of the city or region. Once the population in a 
system is unevenly distributed over the system, inno- 
vation production and diffusion tend to increase that 
degree of concentration of activity” (262). 

Formulation of location models which explicitly 
consider the effects of uncertainty is shown to be im- 
portant and some interesting leads are suggested. 
However, as “an up-to-date survey of location analy- 
sis” (vii) with seventeen pages of references, it is 

` surprising that Webber cites only two articles in the 

American Journal of Agricultural Economics, a sin- 

gle publication of the U. S. Department of Agricul- 
ture (dated 1918),-and not a single agricultural ex- 
periment station bulletin or monograph. This hardly 
seems adequate coverage of the work of the profes- 
sion relating to location theory and its application to 
the real world. One is led to the conclusion that our 
diffusion efforts might well be directed to a wider 
audience than has been the case in the past. 

RICHARD A. KING 

North Carolina State University 


Zwick, David, and Marcy Benstock, eds., Water 
Wasteland: Ralph Nader’s Study Group Report 
on Water Pollution, New York, Grossman Pub- 
lishers, Inc., 1971, xvii + 494 pp. ($7.95) 

One cannot but admire the energy and enthusiasm 
that went into the production of this large book. 

With two authors, aided by two consultants (John C. 
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Esposito and Ralph Nader), 14 undergraduate mem- 
bers of the task force, 8 special projects helpers, two 
production directors, and two research assistants, the 
book, begun in the summer of 1969, was “put to 
bed” in March 1971. This would be a formidable 
time-table for seasoned scholars in the water pollu- 
tion field. One would have thought it impossible for 
amateurs; and, in fact, it was. 

The book reads like an unedited collection of 
seminar papers in Poly Sci 300: Politics of Pollution. 
As in such a collection, there are good spots and bad 
spots and, mostly, indifferent spots. I shall address 
these in order. 

Good Spots: Parts One and Two, “Polluters and 
Protectors,” pp. 3-115. This is a concisely written 
and informative overview of the water pollution 
problem: facts, politics, and attitudes are nicely in- 
tertwined into a balanced yet forceful presentation. 
Agricultural economists will fnd Chapter 5 espe- 
cially interesting. Here are discussed pollution from 
agriculture, land development, and the mining indus- 
try. As the authors note in their chapter heading, 
these industries tend to be “non-point” sources of 
pollution. A Rutgers study, for example, found that 
only one-quarter to one-third of the water pollutants 
in certain New Jersey basins could be traced to their 
origin, The researchers were quite rightly “stupified.” 

Agriculturists “are far and away the worst polu- 
ters in the entire nation.” Agricultural livestock 
wastes amount to some 1.7 billion tons annually and 
the problem compounds as “Old MacDonald” puts 
those animals in concentrated feedlots, The average 
steer excretes the waste of 16.4 humans. Volatile am- 
monia from urine evaporates and is reabsorbed into 
surface water. The BOD of feedlot waste is 5~100 
times that of municipal sewage. In the words of one 
official, “Something which looks good at one end may 
be pretty bad at the other.” 

And so it is with this book. From the high point of 
these first two parts, the book steadily decays—with 
a half-life it seems, as one wades on, of several cen- 
turies—occasionally dipping into negative values. 

An example of the latter is what has apparently 
become de rigueur in productions of this kind: the 
apparent theft and subsequent publication of private 
correspondence. In this particular case, a memo from 
the Director of Public Relations of the Reserve Min- 
ing Company in Minnesota to the president of that 
company was filched and published. The memo con- 
cerns a forthcoming trip of Stewart Udall, then Sec- 
retary of the Interior, to -have a look at Reserve 
Mining’s pollution of Lake Superior. The interesting 
thing about this memo is that it is so innocuous. 
Other than the fact that the company was tipped off 
in advance of the Secretary’s visit, there is abso- 
lutely nothing scandalous about it at all. Indeed, the 
company comes out looking rather better than one 
would have expected. Certainly, there is nothing in 
the memo as disgraceful as theft and publication of 
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other people’s correspondence. This combined with 
the self-righteous moralizing of the authors makes a 
very sorry episode. , 

Most of the rest of the book is written in a similar 
vein, Testimony from the Congressional Record is 
printed and examined to the point of exhaustion. The 
intent is clearly to leave the reader feeling that evil 
Business and inept Bureaucracy have effectively 
emasculated the water pollution Laws. In fact, the 
country has made enormous progress in this field— 
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far more than I, for one, would have thought possi- 
ble. 

In sum, these most unacademic authors have 
fallen into the old academic trap of believing the fat- 
ter the work the heavier the message. Had they 
taken Parts One and Two and added seventy-five 
pages of the remaining three-hundred, they would 
have had a good book. i 

DAVID SECKLER 
Colorado State University 
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Announcements 


1973 ANNUAL AAEA MEETING 


The 1973 Annual AAEA Meeting will be held Au- 
gust 8-11 at the University of Alberta, Edmonton, 
Alberta. The dates fall on Wednesday, Thursday, 
Friday, and Saturday, rather than Sunday, Monday, 
Tuesday, and Wednesday, which has been the pat- 
tern for many years. 

Dr. Travis Manning, as Head of the Department 
of Agricultural Economics at the host institution, is 
in charge of local arrangements. It is suggested that 
requests for space or other needs prior to, during, or 
subsequent to the meetings be sent to Dr. Manning. 

The meeting will be held jointly with the Canadian 
Agricultural Economics Society and the Western Ag- 
ricultural Economics Association. The theme will be 
the following: The North American Continent: Its 
Agriculture and Commerce, Its Natural and Hu- 
man Resources, and Its Institutions. 

The program format will be similar to that of the 
past three years. Some change in timing of the vari- 
ous events will be made, however. The Awards Pro- 
gram will be held Thursday evening. Therefore the 
undergraduate student contests will need to begin on 
Wednesday. 

Dr. David Boyne, Ohio State University, will 
serve as coordinator of the contributed paper sec- 
tions, He will announce ground rules for the contrib- 
uted papers in the near future. 

Papers presented at the general session, sectional 
meetings, and major seminar papers will be pub- 
lished in the 1973 Proceedings issue (December 1973 
AJAE). Papers in subseminars, contributed papers, 
and discussions will be presented by title and author 
only in the Proceedings issue. Such papers may, of 
course, be submitted to the AJAE for standard edi- 
torial review and possible publication. 

More detailed information on the program will be 
released soon in the form of a presidential newslet- 
ter. 


UNDERGRADUATE DEBATE, PUBLIC 
SPEAKING, AND ESSAY 
COMPETITIONS 

Competition is open to any undergraduate student 
interested in agricultural economics. Participants are 
encouraged to become members of chartered student- 
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section affiliates of the American Agricultural Eco- 
nomics Association, but such membership is not re- 


-quired to enter the various contests. No individual 


student may enter both the debate and the public 
speaking competitions in the same year. 


Public Speaking Competition 

The public speaking may be on any topic in the 
area of agricultural economics. Each speech will be 
limited to 10 minutes’ duration. 

Chartered chapters or individuals must declare 
their intention of participating in the public speaking 
competition by writing no later than June 1, 1973, 
to Dr. Donald J. Epp, Chairman, AAEA Student Ac- 
tivities Committee, Weaver Building, The Pennsyl- 
vania State University, University Park, Pennsylva- 
nia 16802. 


Debate Competition 

The topic to be debated in 1973 will be announced 
directly to all the departments. 

A declaration of intention to participate in the de- 
bate competition must be made in writing no later 
than June 1, 1973, at the address given above. Names 
of the contestants and/or alternatives and coaches, 
along with the mailing address of each, should be in- 
cluded. No more than one debate team from one 
school may participate in the debate contest. 


Student Essay Contest 

The essay contest does not require attendance at 
the AAEA’s annual summer meeting. It was devel- 
oped primarily for students who find it impossible to 
attend the annual meeting and for students whose 
abilities and interest tend to be in research and/or 
writing. The development and preparation of a 
manuscript for purposes of publication is one of the 
objectives of this contest. Essays may deal with any 
topic in agricultural economics, agricultural indus- 
tries, or rural sociology. The 1973 award paper will 
be published in the 1973 Proceedings issue. 

Manuscripts should not exceed 2,500 words in 
length and should be prepared according to the in- 
structions appearing on the inside back cover of the 
American Journal of Agricultural Economics. Manu- 
scripts must be submitted in ériplicate by June 1, 1973, 


February 1973 


to Dr. Donald J. Epp, Weaver Building, The Penn- 
sylvania State University, University Park, Pennsyl- 
vania 16802. f 


SOUTHERN AGRICULTURAL ECONOMICS 
ASSOCIATION 


Atlanta, Georgia, is the site of the 1973 annual 
meeting of the Southern Agricultural Economics As- 
sociation scheduled for Feb. 5-7, 1973. Main topics 
of the meetings are commercial agriculture, rural de- 
velopment and planning, and emerging issues in agri- 
cultural economics. 

Regular membership in the SAEA is $6.00 per 
year, and junior membership (students) is $3.00 per 
year. To obtain further information or to enroll, 
write to Luther Keller, Secretary-Treasurer of 
SAEA, Department of Agricultural Economics, The 
University of Tennessee, P.O. Box 1071, Knoxville, 
Tennessee 37901. Make checks payable to the South- 
ern Agricultural Economics Association. 


LATIN AMERICAN TEACHING 
FELLOWSHIPS 

The Latin American Teaching Fellowships pro- 
gram is now accepting applications for positions in 
Latin America from individuals in the social and nat- 
ural sciences, engineering, business, law, and medi- 
cine who hold Ph.D.’s, professional degrees, or are 
Ph.D. candidates. Placement possibilities exist for 
the 1973-74 academic year. These opportunities are 
part of a service program designed to assist Latin 
American universities to develop more advanced pro- 
grams, Salaries are thus geared to moderate subsis- 
tence level rather than being competitive with North 
American salaries. Inquiries should be addressed to 
Latin American Teaching Fellowships, Fletcher 
School of Law and Diplomacy, Tufts University, 
Medford, Massachusetts 02155. 


FELLOWSHIPS IN FOREST RESOURCES 


Research Fellowships in Forest Resources are 
awarded annually by Harvard University from the 
Charles Bullard Fund. These Fellowships carry sti- 
pends up to $15,000, the amount of each award de- 
pending on the professional status and needs of the 
recipient. The purpose of this program is to support 
advanced research and study by persons who show 
promise of making an important contribution, either 
as scholars or administrators, to forestry defined in 
its broadest sense as human use of forested environ- 
ments, 

Applications should be submitted by February 1 
for any work plans to take place after July 1 of any 
given year. For further information write to Com- 
mittee on the Charles Bullard Fund for Forest Re- 
search, Littauer Center 119, Harvard University, 
Cambridge, Massachusetts 02138. 


HIGHER EDUCATION WORKSHOP 


~ To improve the teaching of agriculture in colleges, 
the National Association of Colleges and Teachers of 
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Agriculture will sponsor an IOTA Workshop for 
Higher Education, June 8-13, 1973, prior to its An- 
nual Meeting. 

Workshop registration fee will be $80.00 ($5.00 to 
be paid by NACTA for its members as of January 
31, 1973). Participants will be responsible for their 
own travel and per diem expense arrangements. 

For plans to be made, the number of participants 
must be known; therefore a $25.00 deposit before 
March 31, 1973 will be necessary. Make out checks 
or Purchase Orders to the National IOTA Program 
and mail (or direct inquiries) to: Dr. E, Grant 
Moody, Division of Agriculture, Arizona State Uni- 
versity, Tempe, Arizona 85281. (Phone: 602-965- 
2446) 


INTERNATIONAL NUTRITION PLANNING 
PROGRAM 


The Massachusetts Institute of Technology has re- 
ceived a three-year grant of $230,000 from the Rocke- 
feller Foundation to begin an International Nutri- 
tion Planning Program that will provide a multidisci- 
plinary approach to problems of malnutrition in low- 
income countries. 

Heading the program will be Dr, F. James Levin- 
son, who has served as chief of the Nutrition Branch 
of USAID in India and as consultant to The Brook- 
ings Institution and the World Bank. The program’s 
plans include advisory services to governments and 
to international agencies involved in nutrition plan- 
ning and programming; training programs for nutri- 
tion and planning personnel from low-income coun- 
tries; and problem-oriented research on various na- 
tional and regional strategies to combat malnutrition. 


SOCIETY OF CHEMICAL INDUSTRY: 
PESTICIDES GROUP 


An international conference on “Economic and So- 
cial Values in the Assessment of Crop Protection and 
Pest Control Methods” will be held by the Society 
of Chemical Industry at the University of sedime, 
Scotland, Sept, 9-11, 1973. 

The major topic is cost/benefit assessment of 
crop protection and pest control methods. In addi- 
tion to invited lecturers and expert discussion panels, 
information is invited concerning relevant case stud- 
jes whether successes or failures. Write to M. B. 
Green, Chairman, Pesticides Group, Society of 
Chemical Industry, 14 Belgrave Square, London, 
S.W.1, England. 


OUTLETS FOR AGRICULTURAL 
ECONOMICS MANUSCRIPTS 


Kansas State University has published a list of 62 
journals that accept agricultural economics manu- 
scripts. The types of articles are described, and rat- 
ings are given for rigor and use of mathematics, The 
publication was prepared by James Trapp and John 
Sjo. Write Department of Economics, Kansas State 
University, Manhattan, Kansas 66506 and ask for 
Staff Paper Series 3. 


News Notes 


UNIVERSITY OF ARIZONA 

ArproinTMENTs: Ron S. Boster, with the U. S. For- 
est Service, as adjunct assistant professor; Robert 
S. Firch, professor, as acting head of the Depart- 
ment of Agricultural Economics, replacing Jim- 
mye S. Hillman who is on sabbatical leave at Ox- 
ford University; Gayle S. Willett, formerly with 
the University of Wisconsin, assistant professor. 


UNIVERSITY OF ARKANSAS 

REASSIGNMENT: Kenneth R. Cupples, as grain mer- 
chandiser with Central Soya, Inc., following com- 
pletion of master’s degree work. 


Resicnation: Clyde A. Stuart, Jr., instructor, to 
become associate county agent with the Arkansas 
Cooperative Extension Service in Independence 
County. 


UNIVERSITY OF CALIFORNIA, BERKELEY 

ReTuRN: Jerome B. Siebert has returned to become 
associate director of Agricultural Extension after a 
three year assignment with USDA, most recently 
as special assistant to the Secretary of Agriculture. 


CLEMSON UNIVERSITY 
AprorntMent: W. Allan Tinsley, formerly with 
Michigan State University, associate professor. 


COLORADO STATE UNIVERSITY 
APPOINTMENT: Donald D. Rodhy, professor, as 
vice president for University Services. 


Leaves: Albert Madsen, professor, on a two-year 
assignment in Panama with the AID/Colorado 
State University program as agricultural market- 
ing extension specialist; George Radosevich, as- 
sistant professor, on a one-year assignment as eco- 
nomic affairs officer, United Nations, New York. 


CORNELL UNIVERSITY 

APPOINTMENTS: David Barton, assistant professor; 
Winfried Manig, Ethio-German Agricultural 
Research Station, Ethiopia, visiting research 
scholar; Morio Mese, associate professor, Oka- 
yama University, Japan, visiting research scholar; 
Karl Weckman, University of Helsinki, Finland, 
visiting research scholar. 
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ECONOMIC RESEARCH SERVICE, USDA 

(EDD, Economic Development Division; ESAD, 
Economic and Statistical Analysis Division; 
FDCD, Foreign Demand and Competition Divi- 
sion; FDD, Foreign Development Division; 
FPED, Farm Production and Economics Division; 
MED, Marketing Economics Division; NRED, 
Natural Resources Development Division.) 


APPOINTMENTS: Richard MHaidacher, ESAD; 
Charles E. Hanrahan, FDCD; Gene R. Hasha, 
FDCD; Linwood Hoffman, MED; Jitendar S. 
Mann, MED; Richard Reidinger, FDCD. 


ReassiGNMENts: Lloyd D. Bender, EDD-Colum- 
bia, Missouri, to Bozeman, Montana; Alan R. 
Bird, EDD, designated liaison officer with Virginia 
State College, Petersburg, Virginia; Ivery D, Clif- 
ton, FPED-Washington, D.C., to St. Paul, Minne- 
sota; Gary Davis, FPED-Washington, D.C., to 
East Lansing, Michigan; J. Albert Evans, FPED- 
Pullman, Washington, to Washington, D.C.; Ar- 
thur Gerlow, FPED-Baton Rouge, Louisiana, to 
Washington, D.C,.; Howard Hogg, FDD to NRED, 
Honolulu, Hawaii; James B. Hottel, FPED-College 
Station, Texas, to Washington, D.C.; Edward V. 
Jesse, MED-Washington, D.C., to Davis, Califor- 
nia; Donald K. Larson, FPED-Bozeman, Mon- 
tana, to Washington, D.C.; Leon Perkinson, EDD- 
East Lansing, Michigan, to Raleigh, North Car- 
olina; Charles N. Shaw, MED-University Park, 
Pennsylvania, to Washington, D.C.; Dorwin L. 
Williams, FPED-Columbia, Missouri, to Lafay- 
ette, Indiana. 


Leave: Nancy Hancock, FDCD, one-year study 
leave at Antioch College; Abner Womack, 
ESAD, two-year leave at the University of Minne- 
sota. 


Resicnations: Rex F. Daly, ESAD, to AID/Thai- 
land; John A. Dempsey, Jr., ESAD, to Cost of 
Living Council; Ralph A. Freund, Jr., ESAD, to 
Environmental Protection Agency; Meyer Har- 
ron, ESAD, to Treasury Department; Norman 
Rollag, MED, to Soi- Conservation Service, Hu- 


ron, South Dakota: Ray Sassani, ESAD, to Bor- 
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den Food Company; Michael P. Steiner, MED 
to the Price Commission. 


UNIVERSITY OF HAWAII 

APPOINTMENTS: Peter V. Garrod, assistant agricul- 
tural economist and assistant professor; Gene E. 
Pollock, The College of Wooster, visiting profes- 
sor; Gary R. Vieth, assistant agricultural econo- 
mist and assistant professor. 


UNIVERSITY OF ILLINOIS 

APPOINTMENTS: Ming T. Lee, research associate; 
A. S. Narayanan, research associate; Robert H. 
Orr, research associate; C, Robert Taylor, re- 
search associate. . 


? 


Award: R. N. Van Arsdall, awarded the USDA Su- 
perior Service Award. 


Leave: E. D. Kellogg, on a one-year assignment 
with USDA-Washington, D.C. 


Returns: A, G. Harms, from two years at Njala 
University College, Sierra Leone, West Africa; 
S. W. Williams, from three years at J. Nehru 
Agricultural University, Jabalpur, India. 


IOWA STATE UNIVERSITY 


APPOINTMENTS: Edwin J. Longfellow, ing 
Rudolph K. Schnabel, instructor. 


tructor; 


Resicwations; Allan P. Rahn, instructor, to the 
University of Georgia as assistant professor; 
Thyrle Robertson, assistant professor, to resume 
permanent post as OAS technician in Peru. 


UNIVERSITY OF KENTUCKY 


APPOINTMENT: John C. Gamble, assistant exten- 
sion professor. 


REASSIGNMENT: Russell H. Brannon, on Jeave with 
Kentucky/AID Team in Khon Kaen, Thailand, 
reassigned to Chief of Party. 


MCGILL UNIVERSITY 


Posrrion AVAUABLE: Agricultural economist, Mac- 
donald College, McGill University. Farm produc- 
tion economics and resource economics, Lecturer 
(instructor) to associate professor. Bilingual En- 
glish-French preferred. Write David L. Mac- 
Farlane, Box 224, Macdonald College 800, Quebec, 
Canada, 


THE UNIVERSITY OF MANITOBA 

Return: Sol, Sinclair, to full-time appointment in 
the Department of Agricultural Economics, after 
retiring as director of the Natural Resource Insti- 
tute; recently appointed a member, Fisheries Re- 
search Board of Canada. 


News Nores / 


UNIVERSITY OF MASSACHUSETTS 


APPOINTMENT: Cleve E. Willis, assistant profes- 
gor. 
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Leave: John H. Foster, professor, one year at the 
East-West Center in Hawaii under an Invitational 
Senior Fellowship from the Food Institute of the 
East-West Center. 


MICHIGAN STATE UNIVERSITY 


APPOINTMENTS: Sherrill Nott, assistant professor; 
Harold Riley, acting chairman. 


RESIGNATION: Gail Updegraff, assistant professor, 
to 0.E.0., Washington, D.C, 


UNIVERSITY OF MINNESOTA 

APPOINTMENTS: Hans P. Binswanger, research as- 
sociate; Thomas J. Daves, assistant professor, ap- 
pointed Acting Party Chief for the Minnesota-Tu- 
nisia project, underwritten by the University of 
Minnesota/AID contract; Christine J. Hager, re- 
search specialist. 


RESIGNATION: Herman J. VanWersch, assistant 
professor, to the International Bank for Recon- 
struction and Development, Washington, D.C. 


Retusn: K. William Easter, associate professor, 
from a two-year assignment as program adviser in 
agricultural economics under a University of Min- 
nesota-Ford Foundation contract. 


THE UNIVERSITY OF NEBRASKA 


ApromnTMENT: Donald G. Frahm, assistant profes- 
sor. 


UNIVERSITY OF NEVADA 

APPOINTMENTs: Stephen P. Hass, extension econo- 
mist; Hans Radtke, community resource develop- 
ment specialist. 


UNIVERSITY OF NEW HAMPSHIRE , 


APPOINTMENT: Douglas E. Morris, assistant pro- 
fessor of resource economics. 


NEW MEXICO STATE UNIVERSITY 
APPOINTMENTS: Milton M. Snodgrass, professor, 

formerly with California Polytechnic Institute; 
- Raymond J. Supalla, assistant professor. 


FonercN AssıcnMENT: Clyde E. Eastman, devel- 
opment sociologist, completed four months with 
the New Mexico State University AID Paraguay. 


REASSIGNMENT: Charles H. Greene, to the New 
Mexico State Department of Agriculture as chief 
of the Division of Markets. 
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OKLAHOMA STATE UNIVERSITY 


. Leave: Vernon R. Eidman, six-months’ sabbatical 
leave at the Agricultural College of Sweden. 


Resienation: Allan R. Tubbs, to become President 
of the First Central Bank of DeWitt, Iowa. 


THE PENNSYLVANIA STATE UNIVERSITY 


APPoInTMENTS: Sam M. Cordes, assistant profes- 
sor; J. Frank O’Connor, assistant professor. 


Leaves: Milton C. Hallberg to Dairy Group, 
MED, ERS, USDA; Wayne A. Schutjer to Ford 
Foundation, Bangkok. 


RETIREMENT: William L. Barr, professor of farm 
management, after 36 years of service. 


PURDUE UNIVERSITY 


APPOINTMENT: Vernon D. Ryan, assistant profes- 
sor. 


Honor: G. Edward Schuh, professor, received a 
diploma of recognition and honor from the Brazil- 
ian Society of Agricultural: Economists for his as- 
sistance during the past 10 years in developing the 
agricultural economic profession in Brazil. 


TEXAS TECH UNIVERSITY 

APPOINTMENTS: Mark L. Fowler, professor, to 
chairman of the Department of Agricultural Eco- 
nomics; Billy G. Freeman, assistant professor; 
James E. Osborn, professor, to acting assistant 
dean for Research Programs, College of Agricul- 
tural Sciences. 


AWARD: Sujit K. Roy, associate professor, Aggie 
Council Outstanding Teacher of the Year in the 
College of Agricultural Sciences. 


Leave: Thomas R. Owens, associate professor, on 
leave to USAID in Saigon. 


Resicnations:. Richard J. Foote, professor, to 
USDA/USAID in Saigon; Herbert W. Grubb, 
professor, to manager of the Division of Manage- 
ment Science, Office of Information Services, 
Office of the Governor of Texas. 


Retmement: Archie L. Leonard, associate profes- 
sor, after 25 years in the department. 


UTAH STATE UNIVERSITY 
` APPOINTMENT; Paul Grimshaw, to assistant Dean, 
College of Agriculture. 


THE UNIVERSITY OF VERMONT 


APPOINTMENT: Robert O. Sinclair, as acting chair- 
man of the Department of Resource Economics. 


Am. J. Agr. Econ. 


VIRGINIA POLYTECHNIC INSTITUTE AND 
STATE UNIVERSITY 


Appointment: Josepli D. Coffey, professor and 
head of the Department of Agricultural Econom- 
ics, formerly with Office of the Secretary, USDA. 


UNIVERSITY OF WISCONSIN 


APPOINTMENTS: Walter R. Butcher, Washington 
State University, visiting professor; Francis W. 
Groves to chairman of the University Center for 
Cooperatives; David J. King, University of Wis- 
consin Contract team at the University of Ife, 
Nigeria, visiting assistant professor; Luther G. 
Tweeten, Oklahoma State University, visiting 
professor, 


Rerurns: Robert H. Reed, after a four-year assign- 
ment under the USAID/Wisconsin Contract at 
the University of Rio Grande do Sul, Porto Al- 
egre, Brazil; John D. Strasma, after 30 months as 
program advisor with the Ford Foundation, Office 
for Latin America and the Caribbean, in Chile. 


THE UNIVERSITY OF WYOMING 


APPOINTMENT: Harley J. McKinney, community 
resource development specialist. 


OTHER APPOINTMENTS 


Rais Ahmed, Ph.D. Michigan, returned to Planning 
Commission, Dacca, Bangladesh. 

Claudio Barriga, Ph.D, Wisconsin, professor, De- 
partmento Administracion de Empresas Agriciolas, 
Instituto Technologico de Monterrey, Monterrey, 
N. L., Mexico. 

Theodore J. Blank, M.S. Purdue University, agricul- 
tural credit representative, Irwin Union Bank & 
Trust, Columbus, Indiana. 

Peter J. A. Brouwers, M.S. Wisconsin, with the In- 
stituto de Estudos a Pesquisas Economicas, Univ- 
ersidad de Federal, Rio Grande do Sul, Porto Al- 
egre, Brazil. 

Robert B. Brown, M.S. Purdue, instructor in insur- 
ance, Purdue. 

Rey Estanislao Crystal, M.S. Wisconsin, to the 
Office of the Vice Mayor, Cebu City, Philippines. 
Brady J. Deaton, Ph.D. Wisconsin, assistant profes- 
sor, Department of Agricultural Economics & Ru- 
ral Sociology, University of Tennessee, Knoxville, 

Tennessee. 

Sanford B. Dooley, Ph.D. Purdue, resource develop- 
ment specialist, Louisiana Cooperative Extension 
Service, Louisiana State University. 

Howard L. Engstrom, M.S. Minnesota, National 
Academy of Sciences, Washington, D.C. 

Noralyn M. Ewart, Ph.D. Purdue, assistant profes- 
sor, San Francisco State College, California. 

Abiodun O. Falusi, Ph.D. Cornell, as research fel- 
low, Nigerian Institute Social and Economic Re- 
search (NISER), University of Ibadan, Nigeria. 
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John D. Graham, Ph.D. Purdue, assistant professor, 
University of British Columbia, Vancouver, Can- 
ada. 


Clayton Grant, Ph.D. Clemson, associate professor, 
Jacksonville State College, Jacksonville, Alabama. 

David R. Graves, Ph.D. Purdue, research econo- 
mist, FCS, USDA, Washington, D.C. 

William W. Hall, Ph.D. candidate Clemson, re- 
search economist and editor, Economic Develop- 
ment Center, Western Carolina University, Cul- 
lowhee, North Carolina. 

Rana Anwar Khan, Ph.D. Wisconsin, assistant pro- 
fessor, A & T State University, Greensboro, 
North Carolina. 

Werner Kiene, Ph.D. Michigan, joint appointment 
with Ford Foundation, New York. 

Gordon A. Leaman, M.S. Purdue,. premanagement 
trainee, Oscar Mayer, Madison, Wisconsin. 

Franklin J. Levinson, Ph.D. Cornell, assistant pro- 
fessor of international economics and nutrition, 
Massachusetts Institute of Technology. 

Kenneth Miller, three-month period advising the 
Development Bank for Legal Amazonia, Brazil, 
and part-time assignment with the University of 
ee College of Administration and Public Af- 
airs. 

Mohamed Noor, Ph.D. Michigan, returned to Uni- 
versity of Malaysia. 

Kenneth E. Ogren, formerly deputy assistant ad- 
ministrator, FAS, USDA, to U.S. Embassy, Paris, 
as agricultural attaché. 

Carl L. Pherson, Ph.D. candidate Minnesota, assis- 
tant professor, California State University of 
Fresno. 

Michael J. Phillips, Ph.D. Purdue, to Farmer Coop- 
erative Service, USDA, Washington, D.C, 

Robert M. Pope, Jr., Ph.D. candidate Clemson, staff 
economist, Department of Marine Sciences, Cen- 
ter for Wetland Resources, Louisiana State Uni- 
versity. 

Edwin C. Price, Ph.D. Kentucky, staff economist, 
Federal Reserve Board. 
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Robert J. Rades, Ph.D. Purdue, assistant professor, 
Purdue. 

Monroe H. Rosner, Ph.D. Wisconsin, project associ- 
ate with the Institute for Environmental Studies, 
University of Wisconsin-Madison. 

Thomas Sharratt, M.S. Purdue, into the U. S. 
Army. 

Lawrence N. Smith, Ph.D. Purdue, economics in- 
structor, State University of New York at Gene- 


seo. 

Jay L. Strom, Ph.D, Purdue, CANFARM Data Sys- 
tem, Guelph, Ontario, Canada. 

Thomas A. Stucker, Jr., M.S. Purdue, research as- 
sistant, University of Ilinois. 

Douglas P, Tronnell, M.S. Purdue, farmer, Water- 
loo, Iowa. 

Otto Vergara, Ph.D. Purdue, agricultural economist, 
Research Institute of Applied Economics, Rio de 
Janeiro, Brazil. 

Joseph Weiss, Ph.D. Cornell, Compania Brasileira 
de Alimentos (COBAL) marketing economist in 
Brasilia for two years financed by AID. 


OBITUARY 
Walter A. Rowlands, 75, Emeritus Professor at 
the University of Wisconsin-Madison, died Octo- 
ber 13, 1972, of a heart attack. 

Rowlands joined the University of Wisconsin 
Extension staff in 1921 after serving in World War 
I and graduating from the Ontario Agricultural Col- 
lege at Guelph, Ontario, Canada, By the time of his 
retirement in 1966, he had become a national au- 
thority on land use planning, rural zoning, and re- 
source development. In addition to his work in es- 
tablishing county forests and developing industries 
based on agriculture, forestry, and recreation, he 
was supervisor of county agents in northern Wis- 
consin for 23 years. In 1968 Professor Rowlands re- 
ceived the Superior Service award of the USDA 
for his efforts in establishing the first comprehen- 
sive rural zoning ordinance in the United States and 
in land use planning. 
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Costs and Returns of Education in Five Agricultural 
Areas of Eastern Brazil * 


Georce F. Patrick ann EarL W. KESRBERG 


This study tests the hypothesis that education has a major role in agricultural development by 
estimating costs and returns of schooling and extension in areas at various modernization levels. 
Public and private costs are estimated from secondary information and farm surveys. Value- 
added and auxiliary equations, estimated from farm-level data, are used to derive annual re- 
turns of education. Although based on weak statistical results, schooling returns are negative 
_or low, but increase with modernization level. Extension returns are generally high for individ- 
uals, but cover social costs in only two geographic areas. This suggests education’s role in de- 


velopment may be limited. 


plays a major role in agricultural develop- 

ment. However, studies of the economics of 
education in the agricultural sector have been 
based largely on aggregate data from developed 
countries [4, 6, 11, 20]. Studies in developing 
countries have focused on the nonagricultural 
sector, while the agricultural sector has been 
is 8), entirely neglected with the exception of 

3, 8]. 

This study estimates the costs and returns to 
formal schooling and agricultural extension in 
five areas representing different levels of agri- 
cultural modernization. The first section dis- 
cusses education’s role in agricultural produc- 
tion. The second section describes the model 
used to measure the returns to education. The 
third section describes the areas studied. Fourth 
are the statistical results and estimated returns 
to schooling and extension. Fifth are the esti- 
mated costs of education, followed by the bene- 
fit-cost ratios and internal rates of return. Im- 


I has been hypothesized that education 


plications of the results are contained in the 


final section. 


Education’s Role in Agricultural Production 


One way of conceptualizing the role of educa- 
tional activities (schooling or extension) in agri- 
cultural production is to consider education’s 
impact on production of a firm. Welch [20] 
has attributed the value of education to a 
“worker effect” and an “‘allocative effect” 

* Journal Paper No. 5008, Indiana Agricultural Experi- 
ment Station, Purdue University. This research was sup- 
ported in part by the Universidade Federal de Viçosa. and 
USAID. Appreciation is expressed to Finis Welch for his 
suggestions on reformulation of the model and to G. 
Edward Schuh for his comments on earlier drafts. 


GEORGE F. PATRICK is a Ford Foundation Project Spectal- 
ist/Brasil. Eart W. KEHRBERG is professor of agricultural 
economics ai Purdue Unsversity. 





which are directly related to the labor and 
managerial input components of the human 
factor. The worker effect arises because in- 
creased education may improve the quality of 
the labor component and can be defined as the 
ability to produce more, given the same re- 
sources other- than labor.! Increased education 
may also improve the decision-making func- 
tions of the managerial component by increas- 
ing the farmer’s ability to acquire, interpret 
and evaluate information, giving rise to the 
allocative effect.? ; 

The allocative effect has two aspects. The 
first refers to the allocation of resources, in the 
case of a multiproduct firm, among competing 
products. In a market-oriented agricultural 
environment with changing product and/or 
factor prices there is typically continued need 
for adjustment in resource allocation, although 
production techniques and types of inputs may 
be constant. More nearly optimum allocations 
of resources among products by farmers with 
more education would be reflected by greater 
output, other factors being constant? Deter- 
mination of the types and quantities of re- 
sources to be used in production is the second 
part of the allocative effect. Farmers with more 
education may adjust production plans accord- 
ing to changes in input prices and may be able 
to identify and utilize properly “new” inputs. 
In the short run the types and quantities of 
purchased inputs can be changed, while the 


1 This is essentially the “quality” of labor as considered 
by Griliches [7]. 

2 In part this includes the “innovative” effect discussed 
by Nelson and Phelps [15]. 

3 Increased education may also improve a farmer’s ability 
to predict seasonal price variations. If prices received by an 
individual farmer, rather than average regional prices, were 
used to compute gross output, measures of the return to 
education would include the “price effect,” if it exists. 
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types and quantities of firm-supplied resources 
can be changed in the long run. 

With the transformation or modernization of 
agriculture, alternative production techniques 
and “new” inputs are developed. Farmers must 
continually evaluate alternative production 
techniques, resource and product combinations. 
If education aids farmers in allocative decisions, 
returns to education hypothetically will be 
higher in areas with more modernized agricul- 
ture. f 

Assuming well-defined market values for 
farm outputs and inputs, other than operator 
labor~management, value~added by education 
and labor-management could be calculated as a 
residual. This value-added, as an appropriate 
function of education and operator labor- 
management, would yield a partial derivative 
that could serve as a measure of the marginal 
value-added by a unit of education. In essence 
this would be the marginal value product of 
education, aggregating all of the above effects 
of education for any given level of operator 
labor. Although conceptually simple, the com- 
plete value-added approach is difficult to im- 
plement because the market values of many 
inputs are not well-defined in the real world, 
particularly in underdeveloped countries, and 
problems of operational definition and mea- 
surement arise with respect to all of the vari- 
ables. Alternatively education could be included 
as an explicit variable in a traditional produc- 
tion function. However, since education may 
affect the allocation of resources, the partial 
derivative with respect to education could un- 
derestimate its marginal value product.‘ 

Assuming that the value of output, Y, is a 
function of factor services, X, and education, 

E, the relationship can be expressed as 


(1) Y = f(X, E). 


If education does affect the choice of type and 
quantity of resources, then 


(2) X = g(E), 
and it follows that 

dY ðY ðY dX 
o GE 3E ox JE 


t For a multiproduct firm in which the allocation of re- 
sources among products is not specified, the partial deriva- 
tive of education will include worker effect and effect of 
allocation of resources among products but will exclude the 
effect of determining the “Tight” types and quantities of 
resources to be used [20]. 
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dX 
with — based on (2). 
dE 


The first term on the right of the equality sign 
in Equation (3) includes the direct effect of 
education on production, and the second term 
is the gross indirect effect of education on pro- 
duction through the other inputs. If these other 
inputs are measured in value terms, then 
6Y/dX is the marginal value product of X, 
which at the optimum level of input use equals 
the price of X. The net indirect effect of educa- 
tion can be represented as 


(z7) Ge) 


and the nel marginal product of education as 


dY ‘oY (: Y ax 
: pe) 
dE 


dE OE ðX 

Estimates of dY/dE and ðY/ðX may be ob- 
tained by estimation of (1), while an estimate of 
dX/dE may be obtained by estimation of the 
auxiliary equation (2).ë Thus this procedure will 
yield an estimate of the marginal value product 
of education which includes all of the worker, 
allocative, and price effects.’ 


(4) 





(5) 


Statistical Model and Procedures 


A modified version of the value-added func- 
tion was estimated to obtain an empirical] mea- 
sure of education’s impact on agricultural out- 
put in each of the areas studied. The specific 
form of the model was 


6) log VA = log bo + bı Sch + b: Ext 
6 
+ b; log FC + u. 


Value-added, VA, was defined as the value of 
farm production minus the value of purchased 
nonlabor inputs. Formal schooling, Sch, was 


_ measured as the years of schooling completed 


by the farm operator. Participation in extension 
activities, Ext, was measured by the number of 
direct contacts the farm operator had with the 
extensionist during the year studied. Farm- 
supplied services of labor, land, livestock, 


5 A similar approach has been used by Haller [8]. 

è The same procedure could be used for a partial value- 
added function where the value of inputs with well-defined 
market values was subtracted from output.” 
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equipment, and other forms of fixed capital 
were aggregated into a single variable, FC.7 

Many farmers in the areas studied do not 
have any formal schooling and/or have not 
participated in extension activities, yet have 
nonzero production. Specification of schooling 
and extension in linear form allows zero as a 
“legitimate” observation. The estimated coeff- 
cients can be interpreted as the percent change 
in value-added from a unit change in schooling 
or extension, that is, the direct effect of educa- 
tion on production.’ 

The indirect effect of education on the quan- 
tity of farm-supplied resources was estimated 
by the auxiliary equation 


(7) log FC = bo’ + bi! Sch + by Eat + u. 


Aggregation of the farm—supplied resources into 
a single variable excludes part of the effect of 
selecting the “right” types and quantities of 
resources. Part of this effect will be picked up 
by the value-added function, while the auxili- 
ary equation will pick up primarily the effect 
of selecting the “right” quantity of farm-sup- 
plied resources. Correlations among the various 
forms of farm-supplied resources were ex- 
tremely high, suggesting they should be aggre- 
gated into a single variable to avoid the estima- 
tion problems associated with high multicol- 
linearity. 

The estimated marginal product of schooling 
is the annual return accruing to the individual 
in the form of value-added and does not include 
other possible returns to schooling. It is as- 
sumed this return would accrue to an individual 
for 35 years beginning at age 20. It is assumed 
that 50 percent of the benefits from farmer’s 
participation in extension activities in year t 
accrue to him in year #, 30 percent in year +1, 


‘Labor, a quasi~fixed factor in much of Brazil, was 
valued at the prevailing agricultural wage of the areas. Ser- 
vices of fixed capital (buildings, improvements, equipment, 
and livestock) were measured as depreciation, interest, and 
repairs. Land services were measured using a given area’s 
average rental values to avoid using prices which have been 
distorted by individuals buying land as a hedge against in- 
flation. 

5 A positive coefficient signifies a marginal product which 
is increasing at an increasing rate. This does not appear un- 
‘reasonable within the range of the data as an additional 
year of schooling represents a larger investment in a more 
mature student, while additional contacts are often neces- 
sary for the extensionist to gain a farmer's confidence and 
reinforce teachings. 

° Time distribution of the effects of extension was based 
on the judgment of the researchers and others familiar with 
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and 20 percent in year /+-2.° A discount rate of 
10 percent, the assumed real rate of interest, 
was used to obtain the present value of these 
income streams. 

Data used in estimating the functions were 
obtained from surveys of farmers in five areas 
in 1969 [2, 5, 10; 13, 14]. Information obtained 
included years of school completed, number of 
contacts with extension agents, labor used, cur- 
rent value and expected life of fixed capital re- 
sources, purchased inputs, and gross farm out- 
put. The farmers also furnished information 
necessary to estimate the cost of their participa- 
tion in extension activities, earnings foregone 
by their school age children, and direct costs of 
schooling. This study was limited to commercial 
farmers (normally more than five hectares). 


Areas Studied 


The areas studied in eastern Brazil represent 
a wide range of agricultural conditions and 
levels of agricultural development. Although 
there is considerable variation in soils, natural . 
vegetation, topography, and agricultural enter- 
prises among the areas, within each area agri- 
cultural conditions are relatively homogeneous. 
All areas have been served by the extension 
service for a number of years. The areas at the 
time of the study can be characterized in 
ascending order of agricultural modernization, 
as follows: 

Paracatu in the state of Minas Gerais is an 
area of relatively large farms with extensive 
grazing of beef cattle on natural pasture as the 
principal activity. Crop production has in- 
creased since the establishment of Brasília, but 
very little machinery is used and very few 
farmers use fertilizers. Although many of the 
production practices are quite traditional, some 
changes are occurring. 

Conceição de Castelo in the state of Espirito 
Santo is an area of coffee production, and live- 
stock is of minor importance. Farms are rela- 
tively small and often grow corn and dry beans 
in addition to coffee. Most farmers use tradi- 
tional production techniques, although some 
use fertilizers and control erosion. There is a 





the situation, but more research is necessary for verifica- 
tion. To the extent that the time distribution differs from 
that assumed, the benefit-cost ratios and internal rates of 
returns will be different from those estimated, possibly 
changing the economic and policy implications. 

10 The area ranking was based on modern input use, re- 
cent changes in the area, and consultation with Brazilian 
professionals. For a more detailed description of the ranking 
system and areas studied see Patrick [16]. 
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Table 1. Parameter estimates and standard errors for the value-added function and auxiliary 
regression in the areas studied 
Area, 

Variable Paracatu C. de Castelo A. São Francisco Viçosa Resende 

n=86 n=54 n=82 n=337 n=62 

Value-Added Function 

Constant .94622 -43970 1.0038 — .20122 71437 

X: Schooling — .01676 — .00919 — .01255 .02324* .00993 
(.01191) (.01232) (.01932) (.00811) (.00895) 

X, Extension .00056 .00901* .00432 .00268 .00099 
(.00275) (.00339) (.00442) (.00261) (.00794) 
X; Farm Resources .72595* -93122* .67265* 1.0116* l .73426* 
(log form) (.06885) (.06285) (.08982) (.04748) (. 10539) 

F ‘,58577 .82461 -44205 -62376 .55092 

Auxiliary Regression 
Constant 3.5924 3.1498 3.4272 3.2825 3.9289 

X; Schooling .05100* .00552 .07360* .03998* .03717* 
(.01814) (.02744) (.02264) (.00908) (.00994) 

X; Extension — 00585 00434 .00019 .00729* .00869 
(.00434) (.00752) (.00554) (.00298) (.00974) 

R? . 10148 .00920 .10771 .09000 . 20308 


a One asterisk indicates the coefficient is significant at the 1 percent level, 
b Dependent variable is X,, farm-supplied resources in log form. 


tendency toward diversification of crops, and 
the extension service promotes production of 
washed coffee. 

Alto São Francisco in Minas Gerais is an area 
of transitional agriculture, and part of the area 
has a reputation as a center of purebred cattle. 
Many farmers have established improved pas- 
tures and use mineral supplements, and some 
use protein supplements during the dry season. 
Crops, mainly corn and dry beans, are often 
used to prepare the land for establishment of 
improved pastures. 

Viçosa in Minas Gerais is also an area of tran- 
sitional agriculture. Coffee, the traditional crop, 
has declined in relative and absolute impor- 
tance, and major adjustments have followed its 
decline. Many farms are small and have diversi- 
fied production. Dairy and horticultural crops 
are increasing in importance, and many farmers 
use fertilizers and insecticides. Some farmers 
with dairy cattle are using supplemental pas- 
ture during the dry season and introducing 
Holstein blood. 

Resende in the state of Rio de Janeiro has the 
most modernized agriculture of the areas 
studied and has specialization in milk produc- 


tion. The area is one of the more advanced dairy 
areas in Brazil. Most cattle carry a high propor- 
tion of Holstein blood and are intended for 
dairy, rather than dual purpose. Use of supple- 
mental forage during the dry season and feeding 
of concentrates and mineral supplements are 
common. 


Estimated Returns to Educational Activities 


Estimated value-added and auxiliary func- 
tions for each of the areas studied are presented 
in Table 1. Educational activities were generally 
not statistically significant in the value-added 
functions, while farm—supplied resources were 
highly significant in all areas. In Vicosa and 
Resende the estimated coefficients of schooling 
were significant or larger than their standard 
error, but they were negative in the three less 
modernized areas. The estimated coefficients of 
extension were positive in all areas, but signifi- 
cant only in C. de Castelo. These results indi- 
cate that educational activities had limited 
direct impact on value-added in the areas 
studied.” 


u Information on recommended practices adopted by in- 
dividual farmers was available for all areas except C. de 
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Indirect effect of schooling, measured in gross . 
terms by the auxiliary equations, was highly ` 


significant in all areas except C. de Castelo, 
thus indicating the level of farm-supplied re- 
sources is affected by schooling. However, given 
the high cost of schooling in Brazil, it could be 
argued that farmers whose fathers were well-to- 


do may have had the opportunity to obtain . 
more schooling and also received more farm- - 


supplied resources.” The indirect effect of par- 
ticipation in extension activities was s significant 
only in Viçosa.” 

Prices of farm—supplied resource geste ex- 
ceeded their.estimated marginal products at the 
geometric sample means in all areas except C. de 
Castelo. Over-utilization of resources in these 
areas, combined with positive coefficients of 
schooling and extension in the auxiliary equa- 
tions, indicate net indirect effects were negative 
except for extension in Paracatu. As indicated 
below, the net indirect effects were generally 
small and affected the signs of the annual re- 
turns to education only in Resende. In part, the 
negative net indirect effects of education may 
be the result of improper specification and mea- 


surement of farm—supplied resource services. | 


Alternatively, given the highly inflationary en- 
vironment and negative real rates of interest 
on bank loans in Brazil during the 1960’s; 
farmers may have been attempting to maximize 
their real asset position or growth rather than 
net income or value-added. 

Table 2 presents the annual return to an in- 
dividual who had completed various years of 
schooling (or extension contacts) compared to 





Castelo. Farmers were divided into three categories by 
’ years of schooling completed: low (none); medium (one to 
three years); and high (four or more years). A chi square 
test indicated that significant differences in the number of 
practices adopted did exist among schooling levels in A. Sho 


Francisco and Viçosa. A similar test for extension activities 
indicated significant differences existed in Paracatu, A. São - 


Francisco, and Viçosa. Farmers were classified by the num- 
ber of extension contacts as low (none), medium (one to 
five contacts) and high (more than five contacts). 

2 The hypothesis that both a farmer’s level of schooling 
and initial resource position-may be affected by his father’s 
income level cannot be tested with data available. However, 
regardless of a correlation between schooling and initial re- 
sources, if schooling does provide managerial skills, then 
changes and adjustments should occur over time. Since the 
farmers studied were not beginning farmers, it is seamed 
these adjustments have had time to occur. 

13 A model in linear form indicated that the interactions 
between schooling and extension were not significant at the 
25 percent level in the areas studied. 

M For a more extensive discussion of this Brazilian situa- 
tion see [1]. 
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Table2. Estimated annual returns, in Cr$,* 
to various years of schooling com- 
pleted and contacts with extension 
in the areas studied, 1967/1968? 











Area 
C. de® A. Sfo 
Paracatu Castelo Francisco Viçosa Resende 
Years of Schooling 
zi — 217.7 — 48.1 —182.9 89.4 —75.7 
2 — 396.1 — 99.9 —300.9 192.6 27.3 
3 — 571.9 —151.2 —424.6 300.1 130.2 
4 — 745.9 —200.4 —555.6 413.0 -233.9 
5 — 918.5 —249.0 —685.6 531.9 336.2 
6 —1090.8 —298.2 —847.0 656.9 438.9 
Extension Contacts 
17.3 54.1 26.9 11.2 —59.5 
3 25.2 158.5 70.9 35.7 —35.6 
5 34.2 267.3 119.7 61.6 —11.9 
7 44.6 380.7 169.5 87.7 11.8 
9 53.2 498.9 220.2 114.2 35.5 
11 62.3 622.2 272.1 141.2 59.0 
13 71.2 750.7 324.9 168.3 82.4 
15 80.5: 884.0 378.8 195.8 105.7 





® During the 1967/1968 agricultural year the exchange rate increased 
ee Cr$2.70 to Cr$3.20 per US$1.00. 
The marginal product of the xth year (or contact) may be computed 
of year n—1 from year n. 


by sabtracting ank ual return 
7, Results for C, de Castelo refer to 1966/1967 paclennt year, 


an individual with the same resources and no 
schooling (or extension contacts). Returns to 
schooling, computed from coefficients which 
were nonsignificant in the value-added func- 
tions, were negative for all levels in the three 
less modernized areas. Although the net indirect 
effect of schooling in C. de Castelo was positive 
(about Cr$4), it was not large enough to over-. 
come the negative direct effect. In Vicosa 
schooling variables were significant in both 
equations, and although the net indirect effect 
was negative, returns to schooling were positive. 
The negative net indirect effect in Resende re- 
duced annual returns by Cr$204 for the first 
year, but the direct effect was large enough so 
that positive returns existed for additional 
years of schooling. Although not conclusive, the 
statistical significance of the coefficients and 
estimated returns indicate the value of school- 
ing tended to increase with the level of agricul- 
tural modernization as hypothesized. 

Returns to participation’ in extension ac- 
tivities, generally computed from nonsignificant 
coefficients, were positive at all levels in the 
four less modernized areas. In Resende the 
negative net indirect effect reduced returns by 
Cr$75 to Cr$110 and was sufficient to overcome 
the positive direct effect until the level of seven 
contacts. Net indirect, effects did not exceed 
Cr$12 in other areas. The generally small and 
nonsignificant net indirect effects of extension 
were not unexpected since many extension ser- 
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Table 3. Components of per student costs of schooling and percentage of total cost borne by © 


the individual, 1968 

















Annual Individual’s Costs of Costs of Total Percent of 
Grade Earnings Direct Personnel and Building and Ce t Cost Borne by 

Attended* Foregone> Costs° euppaee Equipment 98 Individual 
Cr$ Cr$ r$ r$ Cr$ % 
P; 25.56 83.69 42.40 13.80 165.45 66.1 
P, 47.04 90.83 42.40 13.80 194.07 71.0 
P, 61.43 92.64 42.40 13.80 210.27 73.0 
Ps 78.47 125.79 42.40 13.80 260.46 78.4 
Gy 75.73 329.02 56.50 16.56 487.81 85.0 
G: 107.01 405.19 56.50 16.56 585.26 87.5 
Gy 149.11 425.74 56.50 16.56 647.91 88.7 
Gi 193.51 546.28 56.50 16.56 812.85 91.0 
Cy 211.90 685.16 56.50 _ 19.32 972.88 92.2 
Ca 299.57 685.16 56.50 19.32 1060.55 2.9 
Cs 299.57 685.16 56.50 19.32 1060.55 90. 9 





* P, G, and C indicate primary, fee and colégso school cycles. Subscripts refer to the year within each cycle. 


+ Earnings foregone are adjusted 


or labor force participation, with the assumption that students begin school at age eight 
nd ol 


and could work 300 days per year if not studying. No discrimination was made between students 17 years of age a 
° Includes tuition of students attending private schools. The number of observations did not permit estimation of years 


of the colégio cycle separately. 


4 Available data did not permit discrimination of costs by year of cycle attended or between 


indsio and colégio for 


personnel and supplies. Only 40 percent of estimated per student costs in publ schools are inclu ed for the ginásio and 
l colégio cycles to reflect the percentage of students attending private schoo! : 


vices activities were oriented toward improving 
production practices. 

Returns to extension tend to be lower in the 
more modernized areas. In Resende, the most 
modernized area studied, numerous input sup- 
pliers may serve to replace the extension service 
as a source of information about new inputs and 
practices. However, the extension service may 
be working with the “poorer” farmers in the 
more modernized areas, and statistical results 
may be reflecting the quality of farmer assisted 
rather than returns to the extension activities 
per se. 


Estimated Costs of Educational Activities 
Formal schooling 


In Brazil primary school attendance for four 
years beginning at age seven is required by law, 
but compliance is far from universal. Many 
rural children do not begin school at age seven 
and/or fail to make normal progress. Most 
primary schools are publicly supported, and 
only about 3 percent of the students attend 
schools where they must pay tuition. The secon- 
dary school system consists of two cycles, the 
ginásio of four years and the colégio of three 


is Resende was the only area with data available where 
farmers assisted by the extension service had not adopted a 
significantly higher number of recommended production 
practices. 


years. These schools are normally located in 
urban areas, and about 60 percent of the stu- 
dents attend private schools where they must 
pay tuition.* 

Table 3 summarizes the components of the 
cost of schooling for an average male student in 
rural areas by grade attended in 1968. Annual 
earnings foregone were adjusted to reflect ex-. 
pected labor force participation by male stu- 
dents not in school and presumably able to 
work 300 days per year. The individual’s direct 
cost included books, supplies, uniforms, and 
tuition of those in private schools, and trans- 
portation, room, and board of students attend- 
ing schools away from home. Costs of personnel 
and supplies were derived from secondary 
sources and adjusted to reflect costs per student 
in 1968. Estimated costs of the physical plant 
and equipment included depreciation, repairs, 
maintenance, and interest on average invest- 
ment. At the gindsio and colégio levels only 40 
percent of the estimated costs per public school 
student were included to reflect the percentage 
of students attending private schools and pay- 
ing tuition.” 


18 See [9] for a further discussion of schooling in Brazil, 
but recently the educational system has been undergoing - 
substantial change. 

1 For a further discussion of these costs and adjustments 
see [16]. 
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All costs increased with grade attended, the 
largest increases occurring between cycles. Ap- 
proximately 75 percent of the average primary 
school cost of Cr$200 per year was borne by the 
individual and represented about one~—third of 
rural per capita incomes.!® At the ginásio and 
colégio levels, total costs were about Cr$600 and 
Cr$1000 per year respectively, and about 90 
percent of the costs were borne by the indi- 
vidual. Secondary school costs exceeded per 
capita incomes in the areas studied.!® The high 
costs of schooling borne by the individual, rela- 
tive to incomes, may be a major reason why 
only 51 percent of rural Brazilian children be- 
tween the ages of seven and fourteen attended 
school in 1964. 


Agricultural extension 


The federal extension service, Associação 
Brasileira de Crédito e Assistência Rural 
(ABCAR), serves areas where about 52 percent 
of the rural population is located. Approxi- 
mately 60 percent of its efforts have been de- 
voted to production—oriented assistance and the 
rest to community development, home econom- 


ics, and other programs.”® The estimated pub- , 


lic cost of production—oriented activities was 
Cr$120 per farm in 1968. 

Of the farmers surveyed, 38 percent partici- 
pated in extension activities and had an average 
of 9.65 contacts with the extension agent. Farm- 
ers estimated their costs, in terms of time and 
out-of-pocket expenses, of participation in ex- 
tension activities as Cr$31.07 per year or 
Cr$3,22 per contact. Total cost of production- 
oriented extension activities was Cr$151.07 per 
farm or Cr$15.65 per contact in 1968. In con- 
trast to schooling, 79 percent of the costs of ex- 
tension were publicly supported. 


Investments in Educational Activities 


Annual returns to schooling in Paracatu, 
C. de Castelo, and A. Sao Francisco were nega- 
tive at all levels; thus the payoffs to invest- 


18 The per capita gross national product in Brazil was 
Cr$1108 or approximately US$320 in 1968. Incomes in 
rural areas are about one-half the national average [18]. 

19 In the United States, costs of primary and secondary 
schools were about 10 and 40 percent of per capita incomes 
in 1956 (based on Schultz [19]). f 

2 Mosher [14] discusses the history and development of 
ACAR, the ABCAR agency in Minas Gerais. Later de- 
velopments and a review of studies of ACAR are provided by 
Ribeiro and Wharton [17], while the present ABCAR sys- 
tem is described by Schuh [18]. 
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ments in schooling were negative for the indi- 
vidual and society. In Viçosa annual returns 
were positive, and the private benefit-cost 
ratios were 2.71, 2.73, 2.75, 2.66, 2.21, and 1.96 
for the first through sixth years of schooling. 
Respective social benefit-cost ratios were 1.79, 
1.87, 1.93, 1.93, 1.69, and 1.55. The internal 
rate of return was about 16 percent for the indi- 
vidual for the first four years of schooling and 
declined to 14.6 percent for the sixth year. The 
social internal rate of return was about 2 per- 
cent lower than the private rate at all levels. 
In Resende annual returns to schooling were 
negative in the first year. Private benefit-cost 
ratios for the second to sixth years of school 
were 0.39, 1.19, 1.51, 1.40, and 1.31 with in- 
ternal rates of return of 5.3, 11.0, 12.5, 12.1, 
and 11.7 percent respectively. The correspond- 
ing social internal rates of return were 3.7, 9.0, 
10.5, 10.4, and 10.2 percent. 

Individual and social benefit-cost ratios and 
internal rates of return for various numbers of 
extension contacts are presented in Table 4. In 
general the private benefit-cost ratios and in- 
ternal rates of return were very high, the latter 
exceeding 500 percent in C. de Castelo, 350 
percent in A. São Francisco, and 100 percent in 
Viçosa. Returns for up to seven contacts were 
negative but were relatively high for nine or 
more contacts in Resende. Although returns to 
individuals’ investments in extension activities 
were generally high, the social benefit-cost 
ratios, as measured in this study, exceeded 
unity only in C. de Castelo and A. São Fran- 
cisco. In the other areas returns to extension 
activities did not offset society’s cost of pro- 
viding them. 


Implications 

Although the statistical results do not sup- 
port strong conclusions with respect to educa- 
tion and are based on a limited geographical 
area, some implications can be drawn. Clearly, 
if educational activities alone increased farmers’ 
incomes, ordinarily the statistical significance 
of the educational variables in the equations 
estimated would have been much higher than 
discovered. 

If returns in agriculture to schooling are zero 
or negative, as in three of the five areas studied, 


31 These results are consistent with the hypothesis that 
many variables affect agricultural development. Any of 
these variables can serve as a bottleneck to development, 
but the removal of a bottleneck without a balanced ap- 
proach is unlikely to speed development greatly. 
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Table 4. Individual and social benefit-cost ratios and internal rates of return to various 
numbers of extension contacts in areas studied, 1967/68* 























Area 
Number of Conceigao A. São 
Contacts Paracatu de Castelot Francisco Viçosa Resende 
, I 0 S I S I S I S I S 
1 4.58 0.94 14.33 2.95 7.12 1.47 2.61 0.61- +o * 
196 6 >500 131 >350 40 110 + * * 
3 2.25 0.46 13.99 2.88 6.26 1.29 3.15 0.65 * * 
87 x >500 ‘127 >350 29 143 * * * 
5 1.81 0.37 14.16 2.91 6.34 1.30 3.26 0.67 s » 
62 * >500 129 >350 30 149 * * x 
7 1.68 0.35 14.40 2.96 6.41 1.32 3.32 0.68 0.45 0.09 
54 i >500 131 >350 31 153 * * * 
9 1.57 0.32 14.68 3.02 6.48 1.33 3.36 0.69 1.04, 0.21 
47 * >500 135 >350 32 155 * 13 7 
11 1.50 0.31 14.98 3.08 6.55 1.35 3.40 0.70 1.42 0.29 
42 * >500 139 >350 33 157 = 37 : 
13 1.46 0.30 15.29 3.15 6.62 1.36 3.43 0.71 1.68 0.35 
39 : >500 143 . >350 34 159 > 54 * 
15 1.42 0.29 15.61 3.21 6.69 1.37 3.46 0.71 1.87 0.38 
37 * >500 147 >350 35 161 ki 64 s 





a Internal rates of return (percent) are given in the second line. 


> Į =Individual. 
° §=Social. 


d Ratios and rates for C. de Castelo are underestimated since returns were estimated from 1966-67 data. 
e * Indicates a negative benefit-cost ratio or internal rate of return. 


there is serious question whether investment in 
schooling is the best use of scarce resources. 
However, only the economic returns accruing 
to the individual in the form of increased value— 
added were considered in this analysis. Both 
economic and noneconomic external benefits as 
well as other returns accruing to the individual 
were ignored. At the present stage of develop- 
ment, schooling may have its greatest impact 
on increasing mobility of rural youth and facili- 
tating the rural-urban transfer? Those who 
have benefited most from schooling may seek 
other employment or migrate from the area, 
leaving those who benefited least from their 
schooling. High complementarity, particularly 
for society, may exist between investments in 
schooling and other investments not considered 
in this study. 

As noted previously, returns to schooling tend 


2 The Brazilian school system has had a classical orienta- 
tion; thus material may have been of limited usefulness in 
agriculture or taught in a context such that its relationship 
to problems faced by farm operators was unclear. 


to increase with the level of modernization of 
the areas considered. In areas of more tradi- 
tional agriculture, the number of alternative 
techniques available may be limited, giving 
farmers little opportunity to use the increased 
decision-making and managerial capacity de- 
veloped by schooling. In Vicosa, a transitional 
area undergoing major adjustments, returns to 
investments in schooling were higher than in the 
more modernized area of Resende where agricul- 
ture is highly specialized. 

The public sector could reduce costs of school- 
ing borne by the individual by providing more 
public schools, particularly at the secondary 
level. However, a large portion of the popula- 
tion apparently has such low incomes that it is 
not sending the children to existing public pri- 
mary schools and would probably be unable to 
send children to secondary schools even if more 
public schools were provided. If schooling is 
considered a means of improving individual and 
social welfare, public support of schooling may 
need to take the form of direct subsidies or pay- 
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ments to low-income families in addition to 
public schools to be effective.?# 

Greater public support of extension, relative 
to schooling, may indicate that society feels a 
higher proportion of the returns from extension 
activities accrue to society. Farmers assisted by 
extension may become early adopters of a new 
technique and, as such, become the recipients of 
the benefits of early adoption. However, if the 
market is functioning properly, other farmers 
will adopt this new technology, and society will 
benefit through having either greater output at 


Z A free hot lunch program has substantially increased 
school attendance in some areas. Direct costs of schooling 
could also be reduced either by not requiring school uni- 
forms or by providing them for low-income students. Cur- 
rently there is some discussion of the possibility of direct 
payment to students. 
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the same cost or the same output at lower cost. 
This spillover effect which accrues to society ` 
may be large enough to justify strong public 
support of extension although the returns con- 
sidered in this study did not cover social costs 
in three of the five areas. 

The results suggest that returns to extension 
activities are higher in less modernized areas, 
while schooling has higher returns in areas of 
more modernized agriculture. The short-term 
investments in extension may well serve to 
facilitate agricultural modernization, but the 
long-term investment in schooling may have 
high returns for the next generation of farmers 
if agriculture is modernized. The problem is one 
of balancing the allocation of resources cur- 
rently available between modernization through 
extension and formal education of future 
farmers. 


References 


[1] Arves, Exisev, anp G. Epwarp Scuun, “The Eco- 
nomic Evaluation of the Impact of Extension Pro- 
grams: A Study of ACAR in Minas Gerais, Brasil,” 
Dept. of Agr. Econ., Purdue University, mimeo. 

[2] Castro, Jost Rawaino P. pz, “A Cooperativa Agraria 
dos Cafeicultores de Venda Nova: A Comercialização 
e o Emprego de Novas Tecnologias, Conceição de 
Castelo, Espírito Santo, 1966/67,” unpublished M.S. 
thesis, Universidade Federal de Viçosa, 1969. 

[3] Cuaupri, Duanan PAL, Farmers Education and Pro- 
ductivity: Some Em pirical Results from Indian A gricul- 
ture, Human Capital Paper 69:4, University of Chi- 
cago, 1969. 

[4] Gisser, Micua, “On Benefit-Cost Analysis of Invest- 
ment in Schooling in Rural Areas,” Am. J. Agr. Econ. 
50:621--629, Aug. 1968. 

[5] Gonzares, THomas BAcKER Ecos, “Diagnóstico do 
Uso dos Fatores de Produção de Leite e Sugestões para 
sua Maior Eficiéncia, Resende, R.J., 1967/1968,” un- 
published M.S. thesis, Universidade Federal de Viçosa, 
1969. 

[6] Grruicugs, Zvi, “Research Expenditures, Education 
and the Aggregate Agricultural Production Function,” 
Am, Econ. Rev. 54:961-974, Dec. 1964. 

, Notes on the Role of Education in Production 
Functions and Growth Accounting, Center for Mathe- 
matical Studies in Business and Economics Rep. 6839, 
University of Chicago, 1968. 

[8] Hatter, Tuomas ELMER, “Education and Rural De- 
velopment in Colombia,” unpublished Ph.D. thesis, 
Purdue University, 1972. 

[9] Havicrursr, ROBERT J., AND J. ROBERTO MOREIRA, 
Society and Education in Brasil, Pittsburgh, Univer- 
sity of Pittsburgh Press, 1965. 





[7] 


[10] Intas, Lox J. M., “Avaliação do Médulo Rural Médio 
para a Região de Viçosa, 1967/1968,” unpublished 
M.S. thesis, Universidade Federal de Viçosa, 1970. 

[11] Kistzv, Yoav, “Estimating a Production Function 
From U.S. Census of Agriculture Data,” unpublished 
Ph.D. thesis, University of Chicago, 1965. 

[12] Lessa, Carros A., “Estudo da Estrutura do Capital 
Agrícola no Cerrado Mineiro para sua Dinamização 
Através do Crédito Agrícola,” unpublished M.S. 
thesis, Universidade Federal de Viçosa, 1969. 

[13] Marrta, Datva Lucia, “Impactos das Modificações 
do Tamanho da Propriedade sôbre a Produção 
Agricola, Município de Viçosa,” unpublished M.S. 
thesis, Universidade Federal de Viçosa, 1969. 

[14] MOSHER, Artaur T., Technical Co-operation in Latin 
American Agriculture, Chicago, University of Chicago 
Press, 1957. 

[15] Netson, R. R., anD E. S. PHetps, “Investment in 
Humans, Technological Diffusion and Economic 
Growth,” Am. Econ. Rev. 56:69-75, May 1966. 

[16] Patrick, GEORGE F., “Agriculture and Economic De- 
velopment in Eastern Brazil,” unpublished Ph.D. 
thesis, Purdue University, 1970. 

[17] Rermo, José P., AnD Ciirron R. WHARTON, JR., 
“The ACAR Program in Minas Gerais, Brazil,” in 
Subsistence Agriculture and Economic Development, ed. 
Clifton R. Wharton, Jr., Chicago, Aldine Publishing 
Company, 1969. 

[18] Scuus, G. EDWARD, The Agricultural Development of 
Brasil, New York, Praeger Publishers, Inc., 1970. 

[19] Scuuttz, THEODORE W., The Economic Value of Educo- 
tion, New York, Columbia University Press, 1963. 

(20] Wetcu, F., “Education in Production,” J. Pol. Econ. 
78:35-59, Jan./Feb. 1970. 


Trade Policy and Its Effect on the External 
Agricultural Trade of Chile 1945—1965* 


ALBERTO VALDES E. 


The relationship between external agricultural trade and economic incentives was examined 
under the hypothesis that a large proportion of the agricultural trade deficit in Chile in the 
1945-1965 period resulted from commercial policies, particularly those relating to rate of ex- 
change, price fixing in the internal market, export quotas, and high prices of some inputs 
originating in protected national industries. Negative rates of protection were estimated for 
wheat, beef, wool, and lamb, while barley was determined to have a neutral rate of protec- 
tion. Alternative commercial policies could have reduced the agricultural trade deficit. 


HIS study deals with the relation of ex- 
ternal agricultural: trade to the economic 
incentives prevailing in Chile in the 
period 1945-1965. A net exporter of agricul- 
tural products prior to World War II, after the 
war Chile became more and more dependent on 
external sources for its food supply. Official 
statistics show that by the beginning of the 
1960’s, Chile was a net importer of agricultural 
products to the extent of about US $100 million 
annually! This gap in external agricultural 
trade was a direct consequence of a rate of 
growth of aggregate production of only 1.5 per- 
cent per year, well below the rate of increase in 
aggregate demand resulting from growth of 
population and of income per capita. (Between 
1940 and 1965 the rate of growth of population 
increased from 1.4 percent per year to 2.7 per- 
cent per year.) 

The specific hypothesis of this paper is that a 
large proportion of the trade gap is a conse- 
quence of the commercial policies of the time, 
especially in regard to rate of exchange, price 
fixing in the internal market, export quotas, and 
high prices of some inputs originating in highly 
protected national industries.? 

The analytical model used is an extension of 
the theory of “effective protection” that con- 
siders explicitly the effects of rate of exchange 
and of internal price controls, as well as of im- 
port duties. 


External Trade in Agricultural Products 
Although Chile has been a net importer of 


* The author wishes to acknowledge the helpful com- 
. ments of H. L. Myint, A. C. Harberger, H. G. Lewis, T. 

Josling, and S. de la Cuadra. 

1 See for example [16]. 

2 This hypothesis is similar to that posed by T. W. 
Schultz [18] in his analysis of the Chilean situation. 
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agricultural products? since World War II, the 
extent of the trade gap probably has been over- 
estimated in official statistics. The official sta- 
tistics concerned with the balance of external 
agricultural trade (for example, those appearing 
in the CIDA Report [Comité Interamericano 
de Desarrollo Agricola] and in the National 
Plan for Agricultural Development compiled 
recently by ODEPA [16] among others) in- 
clude as agricultural imports products con- 
sumed in Chile but not producible there: tropi- 
cal and semitropical products such as coffee, 
bananas, tea, and cotton. , 

As shown in Table 1, the balance of agricul- 
tural trade has been recalculated with nonsub- 
stitutable products excluded. For sugar cane it 
is assumed that half the sugar imports can be 
economically substituted for locally produced 
beet sugar. Given the results of Fontaine’s 
study [9] on the social costs and benefits of the 
Chilean beet sugar industry, this assumption 
possibly overestimates the true percentage of 
economic substitution. 

Official statistics of the external trade balance 
also err in valuing the cost of imports made 
under the Agricultural Surplus Program of the 
United States (Public Law 480) at their con- 
tractual cost rather than actual dollar cost.‘ 
Imports under PL 480 fall under four “Titles.” 
Only those under Title IV are paid for in dollars. 
Imports under Title I are paid for in national 
currency while those under Titles II and III 
are donated from organizations such as the 
Campaign against Hunger, Caritas, and Care. 
In Appendix Table I the figures relating to each 
Agreement are shown, with conditions of pay- 


3 A condensed historical perspective of the growth in pro- 
duction between 1915 and 1965 can be found in [19]. 
‘ A brief explanation of the adjustment between the con- 
on and the “real” cost of PL 480 imports is given in 
19]. 
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ment and the volumes of imports specified. 

As Appendix Table 1 shows, the real cost in 
dollars represented 45 percent or 60 percent of 
the cif value (cost/insurance/freight) of agri- 
cultural imports under PL 480 Agreements, 
according as one calculates that 100 percent or 
75 percent respectively of the loan to the 
Chilean Government can be treated as a 
donation. 

The real cost in dollars of obtaining imports 
under PL 480 was less than the cost of import- 
ing the same products commercially or even of 
producing them locally. During the five year 
period from 1956 to 1960, 57 percent of total 
wheat imports were realized under PL 480. 

The figures in the last two lines in Table 1 
indicate that official statistics overestimate the 
real deficit by approximately US $35, 45, 50, 
and 55 million per year during 1946-50, 1951- 


Table 1. 
lars, yearly average) 


TravE Poticyor Came / 155 


55, 1956-60, and 1961-65, respectively. Most 
of the difference is accounted for by the inclu- 
sion of nonsubstitutable imports in the official 
statistics. 

It is the contention of this paper, further- 


- more, that much of the “trade gap” shown on 


the last two lines of Table 1 would not have 
appeared had it not been for the international 
commercial policies followed by Chile in the 
period after World War IT. However, this state- 
ment does not mean to suggest that Chile 
should have pursued a goal of self-sufficiency 
in the agricultural sector (or any other sector), 
though such a goal may be attractive politi- 
cally. Whether self-sufficiency in agriculture is 
an acceptable economic goal involves the de- 
velopment of criteria for deciding what and how 
much Chile can produce efficiently, questions 
that are approached here. 


Balance of external trade of agricultural products, Chile, 1946-1965 (millions of dol- 





1946-50 


Imports 
Substitutable Products 
1. Crops 19 
2. Dairy and meat 15. 
3. Sugar (1/2) 11 
4. Lumber 1 


5. Sub total . 47.1 
Reduction in value of imports under PL 480 
6. Assumption A* — 
7. Assumption B f — 
Total Imports 
8. (5-6) aA 
9. (5-7) 47.1 
Exports 
10. Total exports 
Balance (excluding inps) 
11. Assumption A TE: 
12. Assumption B (10—9) 
13. Imports of inputs 
Balance (including inputs) 
14. Assumption A TAH 13)) 
15. Assumption B (10—[9+13]) 
Imports of nonsubstitutable Products 
16. Coffee, tea, cotton, etc. 
17. Sugar (1/2) 


18. Sub total 
Overestimation of imports 

19. et 

20. (18-+-7 
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1951-55 1956-60 1961-65 
33.9 22.6 31.6 
24.1 22.2 49.2 
10.6 7.0 9.7 

3.4 4.5 3.7 
72.0 56.3 94.2 
— 8.3 2.2 
— 5.8 1.5 
72.0 A 48.0 A 92.0 
72.0 B 50.5 B 92.7 
34.7 30.6 40.6 

—37.3 —17.4 —51.4 

—37.3 —19,9 —52.1 
14.5 14.3 27.2 

—51.8 —31.7 —78.6 

—51.8 —34.2 —79.3 
34.4 35.9 41.8 
10.6 7.0 9.7 
45.0 42.9 51.5 
45.0 51.2 53.7 
45.0 48.7 53.0 


Sources: Imports and exports of products from Dirección de Estadisticas, Anuario de Comercio Exterior; imports of 
agricultural surplus under Program PL 480—see Appendix Table 1; imports of inputs from Dirección de Estadtsticas, 


Anuario de Comercio Exterior includes seeds, pesticides, agricultural mac 


Aduanero [customs tariffs booklet]), and fertilizers. 


ery (according to the definition in Arance 


* Assumption A: total loan to the Chilean Government classified as a donation. 
Assumption B: 75 percent of the loan classified as a donation. 
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The implicit tariff and its. effect on the net 
value of external agricultural trade 


This study attempts to measure the rate of 
protection afforded several agricultural ac- 
tivities in Chile as a result of Chilean trade 
policies during the period 1945-65. It also at- 
tempts to estimate the quantitative effects of 
this protection on the trade balance of agricul- 
tural products relative to a more “neutral” 
commercial policy. 

The agricultural sector faced a rate of protec- 
tion significantly less than that which prevailed 
on the average for the rest of the economy. Re- 
sources that could have been economically used 
in agriculture were reallocated toward the 
_ nonagricultural sector, and the deficit in the 
trade balance of agricultural produce grew. The 
resulting agricultural trade deficit is more a 
consequence of internal trade policy than of 
adverse conditions for Chilean exports in the 
world markets or of a lack of responsiveness.’ 


In Chilean agriculture the proportion of in- 


puts generally brought from the nonagricultural 
sector is relatively high (although this is not 


true of importable inputs in the livestock sec- - 


tor). Because of this fact it is necessary in 
measuring the rate of protection to consider not 
only distortions of prices in the product market 
but also those in the factor markets. The latter 
‘distortions reflect discrepancies between market 
prices and social costs. 
The rate of protection of each activity is mea- 
‘sured by what can be called the “implicit tariff” 
for the activity. It is defined as the percentage 
excess of the actual value added (to importable 
inputs) in the activity over what would have 
been the value added if the output and im- 
portable inputs had been valued at prices pre- 
vailing in the international market at an equi- 
librium rate of exchange.’ (The international 
prices used in calculating the implicit tariff are 
. assumed to be given. to Chile.) This implicit 
tariff measures the effects not only of tariffs 
(including prior deposits on imports) but also 


$ However, the structure of ownership of land and cap- 
ital in Chilean agriculture, which was highly concentrated, 
was indirectly and probably a negative factor for the adop- 
tion of a commercial trade policy consistent with economic 
growth of the agricultural sector (this view can be found in 
the writing of Jorge Ahumada [1 ]). 

è The term “implicit tariff” has been used by other auth- 
ors to describe exclusively the effect of quantitative restric- 
tions and the term “equivalent tariff” to describe the effect 
of specific taxes, prior deposits, and import surcharges. See, 
for example, 4, p. 350]. 
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of the direct fixing of prices in the internal 

market, quantitative restrictions such as export: 

and import quotas and prohibitions, and the 
rate of exchange. 

If it were possible to adjust for all distor- 
tions that exist in the factor and product 
market, the resulting implicit tariff is an indi- 
cator of the social rate of effective protection. 
In these circumstances the relative ordering of 
activities obtained on. the basis of the implicit 
tariff reflects their comparative advantages [4, . 
pp. 354-355]. 

- Supply and demand facetious implicit in this 
analysis represent a long-term situation in’ 
Marshall’s sense. By contrast, the short-term 


. supply is probably very inelastic, and changes 


of relative net prices mainly cause transfers of 
income between producers and consumers with- 
out much effect on aggregate income. 
Overvaluation of the rate of exchange.—lIf 
the rate of “implicit” social} protection is to be 
evaluated, it would be unrealistic to take the 


social cost of the foreign currency as that indi- 


cated by the official rate of exchange, which has . 


been subject to strict control since 1931. 


From 1932 to 1965 Chile had a system of in- 
frequent devaluations in the presence of high 
rates of inflation almost always more than 20 
percent and often close to 50 percent annually. 
Furthermore, from 1938 to 1956 Chile had a 
complex system of multiple. exchange rates. 
These produced great uncertainty concerning 
the real rate of exchange and furthermore re- 
sulted in a considerable overvaluation of the 
Chilean currency over periods of several years. 
In an effort to solve frequently recurring bal- 
ance of payments problems, Chile attempted to - 
reduce and possibly substitute imports by in- 
troducing increasing restrictions (tariffs, quo- 
tas, prohibitions) on selected imports, especially 


‘nonagricultural consumer goods. 


The rise of tariffs compensated at least par- 
tially for the overvaluation of the Chilean cur- 
rency, particularly in certain fields. But this’ 
was not the situation for agricultural imports, 
where nominal tariffs were relatively low. And, 
of course, it was not true for agricultural ex- 
ports, since high tariffs imply a lower rate of 
exchange for exporters than otherwise could be. 
true.’ (However, some exports occasionally re- 


™ That the average tariff on consumer goods in Chile was 
relatively high in comparison with the prevailing tariffs 
in industrial countries and also in other semi-industrial 
countries more involved in external trade is clearly seen in 
the results obtained by Maizel for 1937 and 1955 [14, pp. 
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ceived subsidies in the form of cash rebates and 
- preferential exchange.) 

Chile’s exchange rate policy had direct and 
serious repercussions on external trade and in 
the relative development of import~competing 
and export activities. A few examples show the 
uncertainty and risk of distortion inherent in 
the system prevailing during the forties and 
fifties. First, beginning in 1938 a complex multi- 
ple exchange system was established which 
lasted until-1956. For example, in 1950-51 the 
price of the dollar expressed in Chilean pesos 
varied between 30 and 130 pesos. The 30 peso 
to the dollar rate was used to import sugar and 
medicines, 43 pesos to import tea, coffee, and 
other products, 50 pesos to import agricultural 
machinery, wheat, oils, and cotton, and 60 pesos 
for other imports. For capital transactions a 
rate of 100 pesos per dollar was used, and in the 
case of tourism 130 pesos. 

In the export sector, between 1947 and the 
end of 1951 a system of “compensations” ex- 
isted in’ which the exporters of selected prod- 
ucts, e.g., wine, had the right (which could be 
sold) to import certain prohibited articles such 
as cutlery and other household goods at a rate 
of exchange different from the rate prevailing 
outside the system of compensations. During 
this period the “mixed” system was developed 
in which a proportion of the revenues in certain 
products was returned to the exporters at a 
variable exchange rate and the balance at a 
fixed rate, the proportion varying with the 
product. Moreover, the exporter received a dif- 
. ferent rate per dollar for goods exported to 
Argentina from that received for exports to the 
U.S. or Brazil. 

A second example of the uncertainty in- 
herent in the prevailing system in the forties 
and fifties is the fact that the level of exchange 
rate for sectors exposed to international prices 
deteriorated in actual terms. Although it is 
very difficult to discover empirically the nature 
of the imbalance, it is clear that exchange rate 
policy discriminated against export sectors and 
favored import substitution over the applica- 
tion of “efficient” protection. 

In spite of its limitations, the purchasing 
power parity theory is used in this study as a 





141-144] and by Balassa for the postwar period [2]. This 
was relative to a commercial policy without quantitative or 
tariff restrictions in a situation in which an attempt was 
made to maintain full employment and equilibrium in the 
trade balance and in which the prices of the factors were 
inflexible downwards. 
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working hypothesis to estimate the ‘“equilib- 
rium” rate of exchange. The theory postulates 
that the equilibrium rate of, exchange varies 
approximately in proportion to the ratio of the 


_level of internal prices of a given country to 


that of its principal partners in international 
trade.® 

The theoretical limitations are very real. The 
theory fails to take into account shifts in de- 
mand for imports and the influence of capital 
flows; it fails to recognize variations in tariffs 
and only partly reflects variations in the struc- 
ture of relative costs. Even so, its theoretical 
limitations are inversely proportional to the 
rate of inflation, which was exceptionally high 
in Chile. 

Moreover, experience with the system of de- 
valuation adopted by Chile during Frei’s ad- 
ministration between 1965 and 1970, in which 
(monthly) devaluations of the official rate of 
exchange occurred, indicates that proportion- 
ally small devaluations avoid deterioration in 
the real value of the rate of exchange and 
natural uncertainty. This experience seems 
logically consistent with the purchasing power 
parity theory. Even allowing for the high price 
of copper, the level of Chile’s international 
reserves went on rising considerably while the 
amount of private and public external debt was 
being reduced.*° The proposed adjustment of 
the exchange rate can also be interpreted as a 
measurement of the effect of a devaluation of 
given magnitude on the net returns perceived 
by national producers. 

The implicit tariff—Principally developed 
by Balassa [3], Corden [5], and Johnson [13], 
the theory of effective protection shows that 
although nominal protection measured exclu- 
sively in relation to the end-product has an 


- effect on the composition of consumption, its 


effect on the allocation of resources is not di- 
rectly proportional to’ the nominal tariff. In -` 


8 Ft, = Elo (Pai/ Pao). (Pbo/ Pb; )in which Et; and Ely rep- 
resent the rate of exchange in the period #; and in the base 
period, respectively, and Pa and Pb represent the levels of 
prices in Chile and in the rest of the world respectively. 

? The exchange rate adjustments were based on long- 
term expected variation of the relevant variables (price 
levels in Chile and the U. S., price of copper, etc.) with the 
explicit objective of minimizing distortions in the external . 
sector of domestic inflation and reducing the necessity of a 
larger external debt. An explanation of the system and a 
brief discussion of its effect on the change in the external 
debt can be found in R. French Davis and C. Carrasco [6]. 

10 A brief discussion of the-selection of the base period 
and of the price index for the calculation of parity is avail- 
able from the author upon request. 
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order to determine the effect of protection on 
the productive structure, the effects of tariffs on 
the prices of intermediate goods must be in- 
cluded. Since some agricultural activities in 
Chile use imported or importable inputs, the 
approach of the theory of effective tariffs is 
relevant. 

In addition to import duties, the effects of the 
following should be taken into account: rate of 
exchange, direct price controls (on both inputs 
and products), and quantitative restrictions." 

Symbolically, the implicit tariff (Z) in an ac- 
. tivity is equal to: 


y — y 


1) Z= 
(1) l 7 
where V is the value added per unit of output at 
the international market price P and a parity 
rate of exchange, Ep; that is, 


(2) V = PE, ( — bz Ai) 


where J; A; is the proportion of the total cost 
spent on importable inputs. Similarly, V’ is the 
value added per unit of output prevailing in the 
internal market, so that 


(3) V'=PR| 0+) ž altta | 


where Æ, is the official rate of exchange. i and t; 
are import duties on the products and inputs 
respectively, and ¢’ and #,’ respectively repre- 
sent the effect of price controls and quantitative 
restrictions on the end product and the im- 
portable input. ¢’ can be represented by 


P? — PEL +i 
(4) t= PtH PEA +) 
PE, 
and i, by 
Pê — PEI +h 
(5) t = S l 





P;E. 


where P? and P,? are the internal price of the 
product and of input 7 respectively, and P; is 
the international price of input ¢. In this formu- 
lation the effect of what is usually classified as 
“tariffs” can be kept separate from the effect of 


u The existence of conventional nontariff controls such as 
the last two mentioned above requires the use of direct 
price comparisons [see equations (4) and (5) below] to 
measure the implicit tariff. 
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quantitative restrictions and price controls. 
Substituting (4) and (5) into (3) and collecting 
terms results in 


P; 





(6) V =P- PY A 


` 


After replacement of V and V’ in (1) by (2) 
and (6) respectively, the expression for the im- 
plicit tariff can be written as follows: 


Pi 
Pè — P A; 
2 (=) 


(7) Z= —1 
Pm (1 -5 ai) 
If the proportion of inputs imported in some 


activities is insignificant, i.e. 2 s4; is close to 
or equal to zero, then equation (7) changes to: 


pi 
PE, 








(8) Z= 





1. 


Z and Z* can have values greater than, equal to, 
or less than zero, as the value added per unit at 
internal prices is greater than, equal to, or less 
than that at international prices and a parity 
rate of exchange. If the value of Z is positive, 
then the protection of the activity is positive. 
This implies that exchange rate policies, price 
fixing, and duties allow producers in the ac- 
tivity to obtain a value added greater than that 
obtainable if international prices prevail. If the 
value of Z is negative, the aggregate internal 
value added is less than that obtainable on the 
international market. Effective protection would 
thus be expected to produce a displacement of 
nonspecific resources from activities receiving a 
relatively low rate of protection towards those 
receiving a high rate, depending on the rate of 
factor mobility. 

In terms of this analysis, for an “efficient” 
productive structure in agriculture, the net 
price (or value added) to be paid to producers 
in an activity is that which makes Z zero. This 
implies that at the parity rate of exchange, 
given the level of restrictions on imports in force 
in the economy during the base period, the 
value added per unit at internal prices equals 
the value at international prices. 

In calculating the implicit tariff for each of 
several agricultural activities, it is assumed that 
the parity rate of exchange does not depend on 
the external trade balance of agricultural goods. ` 
Furthermore, the study takes as given (exog- 
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enous) variables not only the parity rate-of ex- 
‘change but also the average level of protection 
in the economy and commercial policy for the 
principal export sector. 

The effective rate of protection reftects value 
added per unit at internal prices relative to 
value added at world prices. The value added 
concept used here is a residual value, represent- 
ing the sum of the return to all nontraded inputs 
such as labor, land, and some capital services. 
In practice this protection affects only the re- 
turn of those factors the supply of which is not 
infinitely elastic. Although very little is known 
about the relevant elasticities, it is logical to 
expect that returns to land ownership would 
have been relatively more affected than other 
returns. 

In relation to the level of employment, this 
protection will have relatively more effect on 
the more elastic factors of supply, as would have 
been the case of unskilled workers. Analysis of 
the effects on the return to each factor is not 
dealt with in this study. 

Estimation of the coefficients A,.—Ideally 
in calculating the implicit tariff Z, the value 
added V at international prices should be calcu- 
lated with the cost coefficients A;* that would 
have prevailed under international prices for 
output and importable inputs. These coeffi- 
cients generally will differ from the actual coeffi- 
cients A,* used in calculating V’, because of 
substitution effects resulting from differences 
between the P,4/P* and P,/P. 

The difference between A,” and A,? depends 
not only on the ratio of P,?/P4 to P;/P but also 
on similar ratios for other importable inputs 
and on the elasticities of substitution among the 
inputs. These elasticities are not known and 
generally are not easy to estimate. Of course, 
if the underlying production function for the 
activity were a Cobb-Douglas function, then 

vA, 

. In this study has been used the common prac- 
tice of estimating effective rates of protection 
by assuming that the underlying production 
function is a “fixed proportions” function in 
which the elasticities of factor substitution are 
zero; in that case 











Pe Pi 

P P 
(9) A= A? = At 

P? P: 

P; ` Pe 


Clearly in a situation in which input prices are 


TRADE Porrcy or Came / 159 


more distorted than product prices in the sense 
that P#/P;>P*/P, then A,” will be under- 
stated and the implicit tariff will be underesti- 
mated. 

Effect of the implicit tariff on production 
and net saving of foreign currency.—Relative 
to a situation in which Z=0 for an activity, the 
effect of the implicit tariff (Z) on the national 
output of the activity reflects the rate of re- 
sponse to changes in the net prices, The per- 
centage change in output is equal to: 


(10) ð log X = eZ 


where X is the level of output of the activity 
and e is the elasticity of supply of output with 
respect to Z. In the following equation ‘from 
Johnson [13, p. 126], 


(11) 


where ¢ is the elasticity of supply of output in 
the usual sense and 2 is the rate of value added 
to price: 


E= @ 


(12) 


Substituting in (11) results in 
e= e(1 -5 ar) 


where e and >; A; can be estimated. 
The percentage effect on consumption of the 
product of the activity is equal to: 


(14) dlogC = Z*E 


in which C measures the level of consumption 
(demand), Z* is the implicit tariff defined in (8), 


(13) 


and Æ is the price elasticity of demand for the 


product.” 

Finally, the direct effect of the implicit tariff 
on the net value of imports, which are desig- 
nated as savings of foreign currency, can be 
expressed by the following equation: 


(15) 3M =P [ zx, (:- 2 ae) -Ez*¢, | i 


2 The elasticities E and e are long-term, including the 
“interrelated” effect between interdependent activities. 
The effect measured here for each activity assumes that a 
simultaneous variation has been produced in the level of 
protection in all the activities included in the analysis. 
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This is the absolute net change in the availabil- 
ity of foreign currency (measured in dollars) 
on moving from the existing situation to a 
situation of equilibrium. It is equal to minus 
the change in consumption value plus the: 
change in output value, minus the value of im- 
ported inputs resulting from the change in pro- 
duction mentioned. 3 

Period of analysis, selection of activities, and 
price information.—Direct action of the Chil- 
ean Government to control external trade and 
internal prices increased considerably after 
1930. Control of foreign exchanges began about 
1931, and the system of wheat price fixing was 
initiated. By 1940 controls had been extended 
to several other products. At the end of the 
thirties was instituted a system of multiple ex- 
change which lasted until 1956. Moreover, dur- 
ing the forties a system of annual fixing of ex- 
port quotas was imposed on agricultural prod- 
ucts, and this was maintained until 1968. By 
the end of 1940 the Government already had the 
‘legal and administrative tools necessary to 
control to a high degree the structure of net 
“agricultural prices in the internal market. 

However, analysis begins with data from the 
1940’s and extends only to 1965. Before 1940 
(and for some products, before 1947), the data 
necessary to measure the implicit tariff are not 
available. After 1965, when Frei’s program of 
agrarian reform began, the data might include 
significant change in cost structure and level of 
response to prices. 

The analysis covers five products: wheat, 
beef, wool, barley, and lamb. The first two were 
chosen as representative of the import compet- 
ing sector. Between 1946 and 1960 imports of 
these two goods represented approximately 50 
percent of the total value of agricultural im- 
ports technically subject to substitution by 
domestic production. Wool and barley were 
chosen’ as being traditional Chilean export 
products, while lamb is a marginal export. 
These three activities together represented 
around 30 percent of the total value of agricul- 
tural exports during the period from 1946 to 
1960. i 

Prices.—Except for beef, international prices 
were taken from the annual FAO publications 
The State of Food and Agriculture [8], in which 
annual values (beginning in 1947) are given for 
the average world price of exports, expressed in 
U. S. dollars. For cattle on the hoof and for 
beef, the prices are for Argentina, the only 
country exporting such products to Chile. 
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For import goods the international prices are 
adjusted to show values cif Valparafso, plus 
cost of handling in port and transport.: Sim- 
ilarly, the export prices used are net fob prices 
plus the cost of handling in port and transport. 

Domestic prices are the wholesale prices pre- 
vailing in Santiago during the season of greatest 
agricultural sales according to the series de- 
veloped in 1968 by ODEPA, an official Govern- 
ment agency [16]. 

Estimation of 5°; A,“ and >>; A.*.—AI- 
though annual estimates of the parity exchange 
rate and of both internal and international 
prices for each of the five products studied here 
were available for the 1947-1965 period, esti- 
mates of the importable input coefficients A,” 
and A; have been constructed for only one 
“date.” The estimates for cereals are shown in 
Appendix Table 2. 

Physical input/output ratios are available 
for the agricultural sector only for 1961-62 in a 
national survey [10]. These physical input/ 
output ratios for 1961-62 were multiplied by 
corresponding price ratios (input price/output 
price) for 1969-70 (the only date for which 
input price data were available) to obtain the 
estimates of the coefficients A,” and 4,8. 

For cereals the estimated value of J; A.” is 
0.20 and of >>, A; is 0.266. For beef, lamb, and 
wool production both >>; A.” and x, A,? were 
less than 5 percent and were assumed to be zero 
(Appendix Table 2). For cereals for 1969-70, 
domestic prices of importable inputs on the 
average were 20 percent higher than interna- 
tional prices at the official rate of exchange. 
Alternatively, in calculating the implicit tariff 
domestic and international input prices were 
assumed to be the same. 


Estimates of the implicit tariff 
The implicit tariff was calculated for each 
year 1947-65. For each of the five agricultural 
Table 2. Estimates of the implicit tariff (Z), 
1947-1965, Chile, annual averages® 


1947-50 1951-55 1956-60 1961-65 








Tmport competing activity 
eat —.43 —.25 —.16 —.67 
Beef —.45 —,29 —.39 —.25 
vee ma oka i e 
Lamb —.33 —.27 —.39 —.28 
Wool —.65 45 — 42 — 34 
® Calculated emplo; the parity Ep: (First Quarter 1959 = 100), co- 
efficients at world prices 2; Ag=.20 and an import price ratio of 1.2. 


* 1951-1953: —.23 average; 1954-1955: +25 averag 
** 1956-1960: —.18, —.04, +.09, +.11. = 
*** 1961-1965: +.42, —.01, ~.02, +.14, +.08. 


May 1973 


products sensitivity analysis was made to mea- 
sure the effect on Z of varying the parity rate of 
exchange, the coefficient of imported inputs 
>”; A;, and the ratio of input prices. The use of 
different base periods to estimate the parity 
rate had much more influence on Z than vary- 
ing >>; A; or the ratio of input prices. 
Average values between 1947 and 1965 are 
resented in Table 2, using the parity Ep, 
p A, equal to 20 percent and P,#/P; equal to 
1.2, values thought to be the best estimates. 
The values obtained indicate that production 
of wheat, beef, wool, and lamb were subject to 
negative effective protection during practically 
the whole period, averaging about —.38 for 
wheat, —.35 for beef, —.30 for lamb, and —.46 
for wool. Barley production is the only activity 
without negative protection and the one sub- 
ject to greatest instability, as seen in Table 2. 
There is an absence of econometric studies of 
supply descriptive of the Chilean situation in 
the activities in question. Calculation of the 
effect of the implicit tariff on production and 
consumption in Chile was thus made for a 
range of values of the elasticity of supply, based 
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on estimates obtained in studies about Chile 
and other South American countries.” 

It is suggested here that an average value be- 
tween 0.15 to 0.5 represents a realistic estima- 
tion of the range of long-term individual elas- 
ticity of supply (e) when there are simultaneous 
changes in prices of other products under an- 
alysis. To test the sensitivity of the results, both 
values were used. 

Table 3 presents the variation in agricultural 
production and in the net value of imports and 
exports during 1951-1960. For example, during 
the five year period 1951-1955 with a rate of 
exchange of Epi, the annual average level of 
production of wheat was approximately 3 per- 
cent to 10 percent less than the equilibrium 
level, accordingly, as elasticities of 0.15 or one 
of 0.5 are used. On the same basis, in the five- 
year period 1956-1960 production was 1.8 per- 


2 R. Echeverria on Chile [7] estimated the short-term 
elasticity of supply for various crops; other estimates were 
made by L. Reca for cereals in Argentina [17]; W. C. Mer- 
rill for rice in Peru [15]; and W. H. Witherell for wool in 
Uruguay and Argentina [20]. 


Table 3. Variation in production and in the net value of imports or exports, Chile, annual 


average 1951-1960* 

















Rate of Exchange Rate of Exchange 
Eg* Eg** 
Elasticity of Supply Elasticity of Supply 
Growth in: 
e=0,15 e=0.50 em 0,15 e= 0.50 
1951-55 1956-60 1951-55 1956-60 1951-55 1956-60 1951-55 1956-60 
Production Annual Percent 
Wheat — 3.0 —1.8 — 9.9 — 6.2 —1.9 — 0.7 — 6.4 — 2.2 
Beef — 4.4 — 5.8 —14.5 —19.4 -3.1 — 4.8 —10.4 —15.8 
Lamb ,— 4.2 — 5.9 —13.9 —19.5 —2.9 — 4.8 — 9.7 —16.0 
Woal — 6.8 — 6.3 —23.0 —21.0 —5.8 — 5.3 —19.4 —17.8 
Barle 0 0 0 0 0 0.1 2.0 3.5 
Net Value of Imports or Exports Millions of dollars 
Wheat I*** 7.3 3.5 12.7 6.8 5.1 0.7 8.6 2.1 
Beef J 10.1 14.6 20.4 30.8 7.4 12.3 14.3 24.6 
Lamb E — 1.3 —1.9 —26 —44 —0.9 — 1.6 — 1.8 — 3.5 
Wool E — 5.2 — 4.1 —13.5 —10.9 —4.6 — 3.6 —11.2 — 8.9 
Barley E 0 0 0 _ 0 0 0.17 0 0.12 
Net Value of Imports or Exports (without ' Millions of dollars 
varying the level of existing consumption) 
Wheat I 1.7 1.0 6.0 3.5 1.0 0.3 3.7 1.2 
Beef [**** 3.6 5.3 13.9 21.6 2.5 4.3 9.4 16.6 
Lamb E — 0.5 — 0.8 —1.8 — 3.3 —0.3 — 0.6 — 1.2 — 2.5 
Wool E — 2.5 — 2.1 —10.8 — 8.9 —2.1 — 0.8 — 8.7 — 3.2 
Barley E 0 0 0 0 0 0.04 0 0 





* Calculated using coefficient of imported inputs (Z; As) equal to 0.20 (world prices) in cereals and zero in wool and 


beef products, and a ratio of input prices equal to 1.20. 


** Foy = First Quarter 1959= 100; E»~annual average 1959= 100. 


«* T= Imports; E= Exports, 


**** This activity becomes net exporting as much.when e=0.50 as when e=0.15. 
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Table 4. Effect of the implicit tariff on the exterior trade balance of some agricultural prod- 
ucts, Chile 1951-1960* 
Loss of Foreign Exchange Percentage reduction in the exterior 
Increase in the net value of —————__—__-__- agricultural deficit» 
Consump- Consump- : 
Period Imports Exports tion at tion at Consumption at Consumption at 
Consumption at existing level existing equilibrium existing level equilibrium level 
(millions of dollars p.a.) level level A B A B 
(millions of dollars p.a.) percent percent percent percent 
Elasticity of supply 0.5 
1951-55 16.3 —12.8 29.1 “NO 4 56° 47 76 63 
1956-60 15.1 —12.3 27. 3 33. s 86 70 100 87 
Elasticity of supply 0.15 
1951-55 5. — 3.0 23.9 16 13 46 38 
1956-60 6. — 2.9 3: 2 24.1 29 24 76 62 








* Calculated with the parity rate of exchange: the First Quarter 1959= 100 (Ep), coefficient 2,14 ;==0.20 for cereals and 


zero for beef and wool, and a ratio of input prices equal to 1 
b Reduction in the deficit is calculated i 
estimation in Table 1 (line 14, including imports of inputs). 


in relation to the Sanik deficit for domestic production according to the 


In A and B it is supposed that only 50 percent and then 100 percent, respectively, of sugar imports are substitutable by 


domestic production. 


cent to 6.2 percent less than the equilibrium 
level. 

In beef the level of national output produc- 
tion during the five years 1951-1955 was 4.5 
percent of 14.5 percent less than its equilibrium 
level; for wool the corresponding range of pro- 
duction was from 6.8 percent to 23 percent 
below equilibrium levels. Barley was at its 
equilibrium level of production. 

Loss of foreign currency was estimated under 
two assumptions regarding the level of domestic 
consumption: (1) It is supposed that the author- 
ities are prepared to subsidize consumption if 
necessary and maintain it at the level that 
actually prevailed during the decade 1951-1960; 
and (2) A price elasticity of demand of —0.3 
was assumed. 

Under the first assumption and given the 
elasticity of supply (e) equal to 0.5, the results 
shown in Table 4 indicate that for the five ac- 
tivities taken together the cost in terms of 
deterioration in annual net income averaged 
approximately U. S. $29 million during 1951- 
1955 and U. S. $27 million during 1956-1960. 
Alternatively, if «=0.15, the corresponding 
figures are U. S. $8.3 and U. S. $9.2 million re- 
spectively. 

If consumption is adjusted to a level that 
would prevail at equilibrium, the average an- 
nual loss was estimated at U. S. $39 million for 
1951-1955 and U. S. $34 million for 1956-1960 
with e=0.5, and U. S. $24 million and U. S. $24 
million respectively with e=0.15. 

This potential saving of foreign currency was 
related to the actual deficit in balance of agri- 


cultural trade during the decade. Goods classi- 
fied as nonsubstitutable were excluded, and two 
alternative assumptions regarding the import 
of sugar were used.“ In the first case it is as- 
sumed that Chile can substitute for only half of 
its sugar imports while in the second case all its 
imports could be substituted. 

For a supply elasticity equal to 0.5, the defi- 
cit in the agricultural balance was reduced by 
56 percent during the period 1951-1955 and by 
86 percent during 1956-1960, assuming internal 
consumption at the levels which actually pre- 
vailed and considering 50 percent of the im- 
ported sugar substitutable. Alternatively, the 
deficit was reduced by 47 percent and 70 per- 
cent during the first and second periods respec- 
tively, if all the imported sugar was sub- 
stitutable. 

At equilibrium consumption levels, the agri- 
cultural deficit was reduced by 76 percent dur- 
ing 1951-1955 and practically disappeared dur- 
ing 1956-1960. In fact, some import competing 
activities were transformed into marginal net 
exporters, e.g., beef. Alternatively, if 0.15 was 
used as elasticity of supply, the percentage 
reduction in external balance was approxi- 
mately 30 percent of the values reported above 
for e=.5 when the existing levels of consump- 
tion were maintained, and approximately 70 


M Before 1950 Chile did not produce sugar; a rigorous 
study of the social evaluation of the national sugar (beet) 
industry indicates that this industry yields positive net 
benefits only at exceptionally high international sugar 
or greater than those which prevailed in the decade 
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percent of the values above at the equilibrium 
levels of consumption. These values are all re- 
ported in Table 4. 


Summary and Conclusions 


Redefinition of the agricultural balance of 
trade suggests that the size of the deficit exist- 
ing in Chile since World War IT has been exag- 
gerated, a consequence mainly of including non- 
substitutable goods among farm imports. For 
the 1950’s approximately 40 percent of what is 
included in official statistics as farm imports is 
not substitutable. In spite of this, the net agri- 
cultural trade absorbs an important proportion 
of the total availability of foreign currency of 
the country. 

Of the five commodities analyzed, only bar- 
ley received a “neutral” rate of protection mea- 
sured by the implicit tariff at the parity rate of 
exchange. The others received negative protec- 
tion, and the rate of protection fluctuated 
around —.38 for wheat, —.35 for beef, —.46 
for wool, and —.30 for lamb. 

The results suggest that if during the 1950’s 
Chile had opted for a commercial policy with- 
out negative protection for these farm acti- 
ities, the trade balance deficit of agricultural 
goods would have been reduced to an insignifi- 
cant level. The methodological limitations sug- 
gest a note of caution. The whole of the saving 
or direct foreign currency acquisition resulting 
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from increased production of the five com- 
modities analyzed would not necessarily be 
equivalent to a net contribution to the balance 
of payments of the country. 

First, Chile’s adoption of a policy to maintain 
the implicit tariff at the zero level might have 
created a pressure to raise salaries in the non- 
agricultural sector. Such pressure would have 
been due to increased prices of foodstuffs, an 
important component in the working class bud- 
get. The pressure could perhaps have been off- 
set by fiscal and monetary policy. If not, higher 
salaries would have reduced the competitive 
capacity of the export sector. 

Second, the average level of protection to the 
nonfarm sector is greater than that received by 
the agricultural sector. These results do not 
need to imply that—in a dynamic context— 
there might have been no economic advantages 
in expanding other activities instead of the 
farm activities analyzed. Answering this ques- 
tion requires knowledge of the structure of 
tariffs (implicit) in the whole economy as well 
as predictions of long-term world prices. Knowl- 
edge of the elasticities of supply in diverse ac- 
tivities which are possibilities for expansion 
would also be required. 

Finally, the availability of more information 
about elasticity of response in agriculture and 
about the “shadow” rate of exchange are needed 
to make more precise estimates, 
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APPENDIX 
Appendix Table 1. Farm imports from the U.S.A. under Program PL 480, 1955-1965 (millions 
of dollars) 
Number of Agreement 1 2 3 4 5 6 Total 
Title IV I I I IV I 
Year 7 1955 1956 June 1960 Nov. 1960 1962 1965 
1. Value cif* total imports dollars 5.0 34.6 3.1 28.9 21.0 19.7 112.8 
2. Value cif agric. imports’ dollars 5.0 27.6 0.7 23.7 19.5 19.8 96.3 
Terms of payment: 
3. Number of years 5 30 20 20 20 20 ~— 
4. Annual interest percent 3 3 3 3 3 3 PEA 
5. Currency dollars escudos escudos escudos dollars escudos 
6. Credited to U.S. Embassy in Chile 
: percent 20 20 30 20 0 30 
7. Coolidge Amendment percent 0 0 25 0 0 15 LS 
8. Loan to the Chilean 
Government (percent of 2.) percent 80 80 45 80 100 55 — 
Real cost in dollars ; 
9. Assumption Ac $ 5.0 5.5 39 4.7 19.5 8.8 43.9 
10. Assumption B $ 5.0 12.1 48 10.4 19.5 12.1 59.6 





Sources: U. S, Embassy, Santiago, unpublished material; and Revista El Campesino, Santiago, June 1969, pp. 20-21. 
* cif cost/insurance/freight. 
b The difference with line 1. corresponds to cotton imports, a product not cultivated in Chile. 
° Assumption A: total loan to the Chilean Government classified as a donation. 
Assumption B: 75 percent of the loan classified as a donation. 
The true cost is estimated by considering as costs the items in 6. and 7., plus the portion of the loan to the Chilean Gov- 


ernment not classified as a donation. 
In the case of the Agreements under Title IV, 100 percent of the value of imports is classified as the real cost in dollars 


Appendix Table 2. Estimation of the coefficient of imported inputs in cereals 





Ad F Ratio of 
x omestic to , ; 
Share in iitematiónal Ratio of Share in 


Sharein Percentage average cost ` 3 input prices Pa/p inportéd 
average cost imported represented Dpat a P4/P; P a P; inrüts at 
by imported ( per dollar) (wheat) world prices 





inputs (1X2) bea 
(1) (2) (3) (4) (5) (6) (7) 
Operation Costs % % % % 
Seed 16.5 6* (1.17) zZ ee 2 
Fertilizers 15.5 9.4 1.5 1.40 16.6 0.63 1.0 
Pesticides 0.02 9.4 2.37 28.2 0.37 ae 
Herbicides 0.3 9.4 0.02 2.30 27.4 0.38 — 
Capital Goods i 
Machinery 22.7 80.0 18.2 1.20 14.3 0.74 13.5 
Equipment 8.3 80.0 6.6 1.10 13.5 0.78 5.2 
Work Animals 5.2 0 — == —_ aes 
Labor and others 31.2 0 0 — = Ae eo 
Total 100.0 26.32 1.20% 19.7 





Sources (the numbers 1, 2, 4, and 6 refer to column numbers in parentheses above): 
1. Physical input/output ratios for 1961-62 from [12]; input/output price ratios for 1969-70 from [10]. 
rs Trom Hor ae Epo Sah pier of ne et of apin represents the depreciation cost. 
. From [10, p. 60, Table IV]. At values prevailing in 1969-70; in that study this ratio is expressed i 
Pee PAULI vat the official exchange rate. : : J PENO Ee Casivelent ze 
6. P4=795 escudos per ton and P= US $75.6 per ton cif, from [10, p. 60, Table IV). 
* This value would be positive if other activities for which seed, eg., maize, is imported were analyzed. 
** Weighted by relative values in column (7). ~ 
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_ A Linear Programming Approach to Floodplain 
Land Use Planning in Urban Areas* 


Joan C. Day 


Floodplain land use management is a new approach to flood loss prevention which will com- 
plement engineering works and lead to more intelligent use and development of urban flood- 
plain areas. Land use management may be structured as an optimization problem. Nonlinear 
or dynamic programming is inappropriate, and a linear programming assignment model is 
shown to be capable of identifying constrained efficiency combinations of spatial and temporal 
urban floodplain use, site elevation through land fill, and floodproofing of buildings. Sensitivity 
testing, however, is required because of possible nonlinearities. 


HE damaging effect of uncontrolled flood- 

ing is one of man’s oldest land and water 

problems. Traditional methods for deal- 
ing with this natural threat have relied, for 
example, upon dams, levee systems, and flood- 
walls to regulate stream flow. However, engi- 
neering approaches are not capable of correcting 
all the physical and economic conditions that 
give rise to flood damage; alternatives to engi- 
neering structures exist. Floodplain land use 
management is one alternative approach that 
might be taken [15, 17, 18, 19]. Modern plan- 
ning thus seeks better solutions to the age-old 
problem by encouraging intelligent use and 
development of floodprone land as well as con- 
trol of floodwater. 

A floodplain management plan bringing to- 
gether regulation of land use through public ad- 
ministration and control of floodwater through 
engineering works is not easy to achieve. Diff- 
culties occur at several levels: legal—what the 
law allows in the way of land use regulation; 
political—what can actually be accomplished 
in a particular flood hazard locale; administra- 
tive—-who has the power to plan, implement, 
and enforce floodplain land use management 
practices; and last, technical—what difficulties 
relate to economic and engineering analysis of 
alternatives. : 

A basic problem in the design of comprehen- 
sive programs is the lack of suitable analytical 
methodology. James [10] was the first to work 
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with a general methodology applicable to this 


‘particular type of problem. His approach is 


based upon an iterative routine for comparing 
discrete combinations of structural works and 
either urban or agricultural floodplain use. 
River areas are examined separately by reach 
for a series of time intervals. The value of land 
in urban vs. agricultural employment is used to 
compute the (opportunity) cost of land allo- 
cated to either one of the two choices. The ob- 
jective of the routine is to minimize the cost of 
flood protection, residual flood loss, and the 
opportunity cost of land use. James was fol- 
lowed by Day [6] in the first effort to apply 
operations research techniques to the problem, 
the results of which are reported here. Much 
descriptive literature exists relating to the need 
for nonstructural planning [12, 18, 19, 21, 22] 
and to theoretical issues pertaining to economic 
criteria [13, 15, 20], but the work of James and 
of Day represents the current status of method- 
ological research. 

Floodplain management involves operating 
rules for the utilization of water and land re- 
sources. The design of structural works can be 
based upon optimal allocations of water to 
alternative uses with uses understood to include 
flood storage in reservoir or containment in 
channel through levees, etc. Similarly, a land 
use plan can be based upon optimal allocations 
of land to different employment. This view of 
the problem suggests that activity analysis may 
be a useful technique for making the required 
resource allocation decisions. 

There is extensive literature dealing with 
optimization of water resource systems; how- 
ever, the same cannot be said for urban land 
use planning, particularly in a floodplain con- 
text involving nonstructural measures. As a 
first step, research was initiated to try to deter- 
mine if an optimizing model could be con- 
structed which was capable of handling spatial 
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and temporal land use assignments as well as 
site elevation and floodproofing of buildings. 
Hopefully, such a model could eventually in- 
clude structural alternatives thereby yielding 
the multimeasure approach desired. The pur- 
pose of this paper is to summarize and evaluate 
a recursive linear programming approach to the 
- land use management aspect of this problem. 


The Programming Model and Its 
Planning Perspective 


The model employed is a recursive (RLP) 
version of the linear programming assignment 
problem [11], in which specific urban land uses 
are allocated for a series of time intervals to 
alternative floodplain and upland locations. 
The land use assignment aspect of the approach 
has already been developed [9]. The distinctive 
character of this model is found both in explicit 
consideration of the fact that locational possi- 
bilities may be subject to periodic flooding and 
in the use of site elevation and floodproofing of 
individual buildings as alternatives in addition 
to locational decisions. 

The objective of the model is to identify the 
most economically efficient combination of spa- 
tial—temporal distribution of land use activities 
and employment of site elevation and flood- 
proofing given a community’s land use goals, 
resource endowment, expected growth, and 
existing flood risk. The objective function of the 
model reflects the efficiency goal with economic 
rent as a measure of the returns to land in alter- 

_ native use. Other community goals, such as in- 
creased population, commercial and industrial 
expansion, and environmental quality control 
are also valid planning objectives, and a realistic 
normative model for land use should be capable 
of accommodating them. In the model tested 
growth forecasts and specified population den- 
sity are expressed as constraints that must be 
satisfied. Other ends, such as the need to pro- 
vide for greenbelts and parks, may also be 
achieved by setting them up as constraints; 
however, this was not done. An optimal spatial 
assignment of growth is made for a series of 
short time intervals spanning a planning hori- 
zon. Each land use activity in any location may 
or may not include site elevation and/or flood- 
proofing. The extent to which these investment 
alternatives are included depends upon their 
cost and ability to reduce potential flood losses. 

1 Technical details of the model are summarized in [5]. 


A complete description of the model and its empirical ap- 
plication is contained in [6]. 
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The Test Model 


The community selected for testing the ap- 
proach is an urban complex (estimated 1968 
population 27,000) located in southeastern 
Minnesota. Flooding occurs from the Missis- 
sippi River and from three smaller tributaries. 
Approximately 1,150 acres of unoccupied land, 
almost all of which is subject to flooding, is 
under pressure for residential, commercial, and 
industrial development? An enlarged levee sys- 
tem giving greater flood protection to the com- 
munity, including the undeveloped but poten- 
tially productive floodplain, is under study by 
the U. S. Army Corps of Engineers. 


Activities 

Each activity in the model refers to a par- 
ticular type of urban land use, either single 
family residential, commercial, or industrial, at’ 
a specific location, employing some level of both 
site elevation, and building floodproofing. Thus, 
each activity is denoted as Xy,,*(t) (see Appen- 
dix), which refers to the number of acres, X, 
devoted to each (ifp*) combination where t 
identifies the specific type of land use making up 
the activity, & refers to its geographic location 
in the planning area, and f and p are indices 
indicating to what extent the activity employs 
site elevation and/or floodproofing. The resi- 
dential category was divided into four sub- 
classes based upon estimated property value.’ 
Therefore six basic land use alternatives made 
up the activity set. 

Site elevation possibilities are zero, two, four, 
six, and eight feet of land fill at each location. 
Floodproofing for residential structures involves 
only basements while for commercial and indus- 
trial buildings (without basements) it could 
range from zero to six feet high in two-feet 
increments. 

The planning area (1,150 acres) was divided 
into 154 separate tracts averaging a little more 


* To simplify this initial test, the model was limited to 
dealing with urban growth in vacant land only. Situations 
where one land use may replace another, as in an urban re- 
newal context, are also possible with the present model, but 
to have included them in the model test would have ex- 
tended the study beyond feasible bounds, This aspect of 
the problem, along with others, is being considered in cur- 
rent work. 

3 The basis for differentiating residential land use types 
has since been changed to one dealing with density of settle- 
ment as usually expresséd in zoning classifications rather 
than value of property. The latter criterion for land use 
planning is highly suspect on legal grounds. 


May 1973 


than seven acres in size. The boundaries of each 
tract were established by reference to flood 
stage elevations and topographic maps and by 
estimates of the value of land in alternate uses. 
One set of boundaries thus consisted of hydro- 
logic-topographic contours and the other of 
“economic” boundaries. Within each tract, 
productivity was therefore relatively constant 
for each type of use. The total number of tracts 
depends upon the size of the planning area and 
the economic and physical factors that deter- 
mine land returns. Site elevation and flood- 
proofing will either enhance, diminish, or have 
neutral effect on the productivity of each tract, 
depending upon the relationship between cost 
of such measures and the resulting reduction in 
potential flood losses. 

The combination of six land uses, 154 loca- 
tion possibilities, and alternative levels of fill 
and floodproofing resulted in a model having 
12,320 possible activities. Since each activity 
represents one particular combination of all pos- 
sible choices, the total number of activities is 


based upon the relation 7-7-/+p. Thus, there’ 


were 6,160 possible residential activities (4X 154 
5X2), plus the same number of commercial 
and industrial activities (2X 154X 5X4). It is 
worth noting that if no limits are placed upon 
the amount of fill or level of floodproofing that 
may be employed, one f or p level will dominate 
all others in which case the number of activity 
combinations is reduced to i-#-1-1 or i-k. 


Constraints 


Land Resources.—The physical bound on 
land resources was derived from the size (in 
acres) on each planning tract Jess the quantity 
of land assumed to be needed for public right- 
of-way. There were 154 land resource con- 
straints, one for each planning tract. As solu- 
tions were generated through time, the right~ 
hand~side—value for each tract was reduced by 
the quantity of land allocated to that location 
in previous time periods. 

Land Use.—Upper and lower growth forecast 
bounds were estimated for each of the six basic 
land use activities. These bounds acted as the 
maximum and minimum number of units of 
each land use type that must find assignment 
somewhere in the community. There were 12 
land use constraints that, together with the 154 
for each tract, made a total of 167 constraints 
that had to be met. 

Nonnegativity.—As usual, negative values 
for activity levels were precluded. 


FLOODPLAIN LAND USE PLANNING 


Feasibility conditions 


Additional requirements were that aie das 
tion and floodproofing be economicallyMeasible 4 
investments and that (initially) all ačtiyity: ’ 
rents be positive (see Appendix, constraints 5;~ 
6, and 7). Feasibility was determined through 
side calculations. 
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Input-output coefficients 


Technical coefficients for land resources are all 
set at the value 1 indicating a 1 to 1 correspond- 
ence between resource input and activity out- 
put. Coefficients for the land use, or growth 
constraints, are based upon density of settle- 
ment for each type of activity. 


The recursive programming format 


The RLP formulation results in a separate 
LP problem for each of a sequence of short 
horizon planning periods. Parameters in the 
first problem in the sequence are derived from 
the actual stock of land available for settlement 
at time zero, from growth forecasts, and from 
desired land use density for the coming period. 
For all the following problems in the series, the 
state conditions are determined from optimal 
solutions for each previous problem and, as be- 
fore, expected growth and density criteria for 
the upcoming period. Thus, as growth expected 
over different time periods is assigned to various 
locations, the stock of available land is reduced 
and the dynamic impact upon land rents is 
reflected in new objective function coefficients 
for the relevant time intervals. 


Site elevation and floodproofing 


Cost estimates for site elevation were based 
upon the quantity of fill material required to 
raise an acre of ground one foot in height and 
prices quoted by building contractors and mate- 
rial suppliers. For convenience, it was assumed 
that the cost of fill/acre-foot was constant as 
depth increased. Residential floodproofing was 
limited to the basement and is assumed to in- 
volve the application of waterproofing sealant 
to walls (inside and out) and floors, reinforced 
poured concrete walls and floors, corner an- 
choring to prevent building shift, and closure of 
all openings (i.e., no windows or doors, check 
valves on sewer lines, etc.). Costs were de- 
veloped through interviews with building con- 
tractors. Commercial and industrial flood- 
proofing costs were computed from data taken 
from Schaeffer’s study [15] relating the height 
of protection with cost for representative estab- 
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Table 1. Capitalized costs of site elevation and floodproofing* 
Level of Floodproofmg 
Assumed Depth of Land Fill rae 
Activity Probable (in feet) Residential Commercial & Industrial 
Floor Area? 7 
2 4 6 8 Basement 2 ft. 4 ft. 6 ft. 
($) ($) ($) ($) ($) ($) ($) ($) 
Residential - 
Class 1 1,300 sq. ft. 1,220 2,440 3,660 4,880 1,600 z = — 
Residential 
Class 2 2,000 sq. ft. 1,300 2,600 3,900 5,200 1,900 = a = 
Residential 
Class 3 2,000 sq.ft. 1,300 2,600 3,900 5,200 2,200 = = = 
Residential 
Class 4 2,700 sq. ft. 1,400 > 2,800 4,200 5,600 2,500 = = = 
Commercial 
Class5  14,5008q.ft. 6,400 12,800 19,200 25,600 = 1,440 2,650 3,710 
Industrial 
Class6 14,500 sq.ft. 6,400 12,800 19,200 25,600 — 1,440 2,650 3,710 





a Costs of site elevation and residential floodproofing are estimates taken from interviews with building contractors. 
Floodproofing costs for commercial and industrial activities are averages computed from data by Schaeffer [15, pp. 112- 


157]. 


b Assumed building areas for the four residential classes are estimates given by contractors for homes falling in each 
of the value categories. Floor areas for commercial and industrial classes are based upon the assumption that for any 
given acre of each of these uses, 2/3 of the acre would be in public streets and/or parking, trucking, and railroad use, 


and 1/3 would be devoted to building use. 


lishments. Table 1 summarizes cost estimates 
used. Incremental comparisons of benefits and 
costs yield the feasible set of land use activities 
employing floodproofing and site elevation. 


Object row coefficients 


The coefficients in the objective function re- 
“flect the value per acre of land in alternative 
urban uses, with “uses”? defined broadly to 
mean activities with various levels of fill and 
floodproofing. The concept of economic rent 
proved useful as a basis for computing the 
needed coefficients. Land rent can be defined as 
the sum of annual net returns to land resources 
discounted to their present value [8]. Rent will 
thus reflect the present value of the expected 
net benefits of land use including flood loss re- 
ductions stemming from structural flood con- 
trol works as well as capitalized expected value 
of residual flood losses. The price of land as 
registered in a real estate transaction may be 
taken to be the present value of the new owners’ 
expected net return generated by the land unit 
involved. There is then a correspondence be- 
tween the economic rent a parcel earns and the 
price a buyer is willing to pay for it. Caveats 
are in order because of the imperfections of the 
land market and because of the difficulties 
associated with consumer surplus, of course. 
Nevertheless the use of land value as a proxy 
measure is substantiated in theory and in 
fact.‘ 


Recent research [1, 2, 3, 14, 16] has demon- 
strated the use of urban land price data in 
statistical correlation and regression analysis to 
explain land value using independent variables 
relating to property and neighborhood char- 
acteristics as well as distances to central places 
of interest. These studies have met with mixed 
statistical success, but there is evidence to 
support the view that econometric approaches 
may be useful in this context. If the correlation 
between land use and land price can be quanti- 
fied, along with other variables, it may be 
possible to derive statistically best estimates of - 
the rent to land in alternative employment. 

The hypothesis that statistical procedures 
using prices established in real estate transac- 
tions can yield acceptable estimates of land 
productivity remains to be tested, for time did 
not permit a land value study in the model test. 
In order to illustrate the kind of statistical work 
needed, a series of synthetic regression equa- 
tions were developed from studies reported in 
the literature and from ‘‘spot” land sales oc- 
curring in the test community. These equations 
provided the basic land value data needed to 





4 Since the investment in public works will not be picked 
up in land rents, these costs will need to be given special 
handling to have them reflected in total net returns to a 
management plan. Two possibilities are to introduce them 
as a constant negative term in the objective function, or to 
distribute the costs to individual land use activities and in- 
clude them in each objective function coefficient. 
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construct the coefficients in the objective func- 
tion. 

Flood losses and external effects associated 
with land use assignments required special 
handling. The extent to which expectations of 
loss are reflected in land values taken from a 
floodplain is very difficult to determine. 
Knowledge of the threat may differ among 
landowners which means that the real loss may 
be improperly accounted for in prices. Similarly, 
expectations of future flood protection may re- 
sult in discounting of anticipated losses [18, 
19]. Because of the inaccuracy of floodplain 
land values, price data were taken from non- 
floodplain areas. Since these estimates did not 
reflect potential flood damages, the present 
value of the loss (based upon Corps of Engi- 
neer damage and flood frequency data) to each 
use in each floodplain location was subtracted 
from each value estimate. A similar approach 
was taken with respect to technological ex- 
ternalities. Numerous third party effects are 
associated with urban activity. To quantify 
all of them is unrealistic. Many are not unique 
to any particular land use assignment but are 
general effects arising with all urban settlement, 
e.g., traffic congestion, smoke, and noise. Some, 
however, might arise only during a flood and 
stem from floodplain development. For exam- 
ple, development in the floodplain may act as 
a barrier to flood flows, thereby raising flood 
stages upstream and velocity downstream and 
increasing loss over what it would have been 
otherwise.’ Floodplain settlement may also in- 
crease public expenditures for repair and emer- 
gency measures, e.g., street damage, damage to 
sewer and water lines, and temporary dikes. 
These costs should, of course, be reflected in the 
net productivity estimates for floodplain assign- 
ments. 

Determination of whether the general class 
of urban externality should be allowed for in a 
floodplain management problem requires addi- 
tional study. To the extent that these problems 
arise irrespective of the decisions called for, 
viz., floodplain vs. nonfloodplain growth, and 
alternative locations plus site elevation and 
floodproofing within the floodplain, it is con- 
ceivable that they might be ignored as param- 
eters in the floodplain management problem per 
se. Unfortunately any land use management 


é Calculation of such added costs can be facilitated 
through use of computer programming of backwater profiles 
(see [7]. 
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program can be expected to have an effect upon 
the incidence of externalities if not their overall 
magnitude. The degree to which these often 
subtle yet pervasive impacts invite concern is 
not clear. What does seem obvious is that they 
cannot be too easily dismissed as unimportant 
in even this “special” problem area. 

Interaction between land use activities raises 
another troublesome issue. Each object row 
coefficient is a function of the set of variables 
that influences the productivity of land. Many 
of these variables are related to the proximity 
of other land uses. Rents calculated on the 
basis of one spatial pattern of land use will 
change as new assignments are made by the 
model. This interdependence in objective func- 
tion coefficients means that this assignment 
problem is non-linear [4, 11]; however, the size 
of the matrix indicates that LP algorithms cur- 
rently may be the only feasible approach to the 
use of mathematical programming in this prob- 
lem. Specialized sensitivity testing will there- 
fore be required to ascertain just how extensive 
interaction is and how unstable given LP 
solutions are. This was not done in the present 
test. 

Time constraints prevented a complete ex- 
amination and empirical study of the external- 
ity issue and the interaction problem. For illus- 
trative purposes, probable offsite public flood 
damage costs per acre of floodplain settlement 
(see Table 2) were, as before, first calculated as 
expected annual values, then converted to their 
equivalent present value and subtracted from 
estimates of “flood free rents” for each loca- 
tion. Other external costs and activity interac- ' 
tion were ignored. Object row coefficients are, 
thus, a blend of empirical and hypothetical 
indices of productivity and as such are only ap- 
proximations but are judged to be sufficiently 


Table 2. Representative public flood losses 


following a given flood event 


Red Cross Expenses $ 4,270 
State Highway Patrol S% 
Evacuation and Rehabilitation 2,700" 
Village Damage (streets, services, etc.) 65 ,092 
Clean-up Expenses 11,860° 
Total $83,972 
Total per acre Booded 


$ 2,660 





a U.S. Army Corps of Engineers. 
> Offce of Civil Defense Funds Administered under 
P.L. 81-875. 
Department of Public Welfare. 
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accurate (certainly relative to each other) for 
testing the basic aspects of the model. 
Whenever levels of site elevation and flood- 
proofing could not meet the test of incremental 
economic feasibility, that particular land use 
alternative was removed from the activity 
list. Initially the same was done for all activities 
incrementally feasible in terms of site elevation 
and floodproofing but still not capable of yield- 
ing positive overall returns because of high 
residual flood loss (see Appendix, constraint 
7). It was later found necessary to include some 
floodplain locations generating negative rents’ 
in order to satisfy the growth constraints. 


The Programmed Land Use Plan 


The solution to the problem tested covers the 
periods 1969-1975 and 1976-1980" and specifies 
temporal and spatial patterns of residential, 
commercial, and industrial land use, the level 
of site elevation and floodproofing employed, 
and the total quantity (in acres) of each land 
use type that maximizes the value of the objec- 
tive function (see Fig. 1). The value of the 
objective function for 1975 is $2,072,585; for 
1980 it is $1,522,344. In the mathematical sense, 
these values represent an empirical estimate of 
the total rént to land employed in the optimal 
solution.® Care must be taken, however, not to 
interpret solution values as a measure of 
benefits (either net or gross) stemming to the 
local and/or national economy. Such benefits 
can only be computed net of foregone develop- 
ment elsewhere in the local area or the nation, 


€ Negative economic rents arise because of the manner in 
which activity coefficients were computed for locations 
within the floodplain. Each coefficient is a forecast of the 
rent that presently vacant locations could earn in urban 
employment. The basis of each forecast is the productivity 
of comparable, but flood free land. Introducing potential 
losses reduces rents, and in some cases the loss exceeds the 
flood free rents.” Reflecting this situation, the coeffi- 
cients for some activities are therefore negative. As the de- 
mand for land increases, negative rents may become posi- 
tive despite potential losses. 

1 This time horizon is much shorter than necessary, but 
it is long enough to illustrate the division into shorter 
planning periods. 

$ This statement should be qualified. Auxiliary computer 
output that accompanies optimal solutions indicates that 
a few other land use activities could replace some of those 
listed in the primal optimal without decreasing the value 
of the objective function. Thus the listed optimal is not a 
unique solution. However, since these other alternatives 
were very small in number, for all practical purposes the 
above statement is correct. 
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and net of what would have happened in the 
absence of the floodplain management program, 


Spatial assignments 


Table 3 contains information pertaining to 
forecasted growth and optimal land use alloca- 
tions. Figure 1 reveals that commercial growth 
is predominantly directed to locations ad- 
jacent to main traffic intersections, and indus- 
trial settlement occurs close to existing indus- 
trial parks. However, new residential activity 
is not always located adjacent to existing de- 
velopments so that extension of in-place 
services would not be possible. Given popula- 
tion growth, the shortage of flood free land 
forces some residential activities into negative 
rent earning locations. Use of higher population 
density coefficients in the constraints would 
tend to eliminate this problem; however, it 
raises interesting questions, viz., whether the 
planning area should be enlarged to increase the 
stock of flood free land, whether adversely 
located activities should receive a cash subsidy 
to compensate for their losses or be provided 
flood protection (site elevation, floodproofing, 
flood control) at public expense, and/or whether 
growth should be limited. 


Optimal site elevation and floodproofing 


The optimal plan for both time periods indi- 
cates site elevation is not an optimal policy be- 
cause of the high costs in relation to damages 
prevented (constraint 5). Floodproofing, on the 
other hand, was often more profitable (incre- 
mentally) for low levels of protection than site 
elevation, but the high residual damages result- 
ing from overtopping the floodproofed level 
eliminated activities with low levels of flood- 
proofing from consideration in the model (con- 
straint 7). A high level of floodproofing is a 
more beneficial approach with some 28 percent 


Table 3. Land use forecasts, optimal land 





assignments 
Land Use Forecasted Land Optimal Land 
Class Requirements* Assignments 
: (acres) (acres) 
(1975) (1980) (1975) (1980) 

Residential 1 21-82 19-61 82 19. 
2 21-82 19-61 82 19 

3 13-43 10-23 21 10 

4 4-12 3-9 4 3 
Commercial 18-36 15-30 36 30 
Industrial 30-53 25-45 53 _ 45 


a Maximum and minimum forecast. 
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of the land area devoted to this alternative. The’ 


benefit-cost ratio for the optimal Pee pronPng 
program was 12:1. 


Sensitivity analysis 


Sequential decision-making through recursive 
programming helps to reduce some of the detri- 
mental effects of uncertainty but does not elimi- 
nate these problems. The parameters in each 
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model are subject to estimation errors and the 
variability associated with random and sto- 
chastic events.® Several sensitivity studies were 
conducted, involving changes in right-hand- 
side-values, object row coefficients, costs of 


5 The variability associated with stochastic streamflow 
is reflected in expected value of flood losses computed on 
the basis of the probability of occurrence of flood events. 
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floodproofing and site elevation, and degree of 
flood hazard, in order to examine the stability 
of the solution.!° 

Estimates of growth set at mean forecast 
value did not change the solution makeup to 
any great extent. When objective function co- 
efficients were varied by assumed standard 
errors of regression, solution makeup remained 
fairly stable due to the large differences in rents 
between the several land use categories. Dou- 
bling floodproofing costs eliminated this alterna- 
tive altogether, while a 50 percent reduction 
of site elevation costs brought this activity in. 
Assuming absence of flood threat led to a much 
more intensive use of the floodplain increasing 
total rents to land by 135 percent. With no pro- 
tection allowed (i.e., no site elevation and flood- 
proofing), greater dispersion of settlement oc- 
curred, and total rents fell by 25 percent with 
the floodplain much less densely occupied. 


Concluding Remarks 


The principal conclusion at this stage of re- 
search is that it is possible to construct an 
operations research model accommodating the 
floodplain management alternatives considered, 
but a number of issues need to be considered 
before the usefulness of such an approach can 
be certain. The spatial planning aspect has con- 
siderable merit since a need exists for determin- 
ing whether it is “better” to have settlement in 
the floodplain or out of it, and the timing of 
such growth. Floodplains can be very produc- 
tive locations despite flood frequency, hence a 
device which weighs the costs and returns 
associated with these sites can be helpful to 
. planning. Site elevation and floodproofing were 
handled quite easily although existing data per- 
taining to the cost and effectiveness of alterna- 
tive floodproofing practices is limited. 

A recursive linear programming format has 
distinct advantages over a single stage LP 
for an entire planning horizon for several rea- 
sons. By dividing the horizon into shorter in- 
tervals, information regarding the timing of 
probable community growth may be utilized 
for the staging of management plans through 
time. The use of planning periods also permits 
greater advantage to be taken of the more ac- 


10 Parametric programming can be very useful in this 
regard. Due to technical difficulties with our computer, we 
were not able to complete this phase of the model test. As 
an approximation to parametric work, a limited number of 
arbitrary parameter ranges were chosen and each LP rerun. 
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curate data of the near future and immediate 
plans to be formulated with relative confidence. 
Solutions for distant time periods should be 
regarded as tentative guidelines, and as time 
unfolds, input to the model can be adjusted to 
reflect new or unanticipated conditions. Hence, 
accuracy and flexibility are improved by the 
sequentially linked system of modeling. In 
addition, recursive programming suggests a 
way of coping with land use interaction that 
affects objective function coefficients because 
rents in time period (1+ 1) can be adjusted for 
interdependencies appearing as a result of 
assignments made in (#). Unfortunately, sepa- 
rate optimization for each time interval in the 
series will not necessarily lead to an optimal 
for the entire horizon. Dynamic programming 
is the ideal approach to this class of problem, 
but the many state variables involved render 
that method currently infeasible. 

Several other positive observations can be 
made on the basis of the work performed: (1) 
economic rent attributable to location is a 
useful concept for determining the combined 
efficiency benefits of structural and nonstruc- 
tural flood damage control practices; (2) LP 
matrices for this type of problem, although 
likely to be quite large, are also very sparse (1 
percent dense in this study) so that computa- 
tion time is short; (3) residual flood losses that 
remain following a management plan can be 
easily identified thereby providing the informa- 
tion needed to establish flood insurance pre- 
miums under the terms of the federal flood in- 
surance program. 

Two major problems remain and require addi- 
tional study. First, using market value as an 
efficiency index of land productivity in urban 
employment is straightforward, but the ac- 
curacy with which empirical estimates of prop- 
erty value can be made is uncertain. Current 
research effort seeks to test the precision ob- 
tainable with statistical correlation and regres- 
sion, and to determine the relationship between 
residential zoning, or density of settlement, and 
property value. In any event, the usefulness of 
an efficiency objective function depends upon 
the importance given to economic considera- 
tions and how well other objectives are ac- 
commodated in the model. Second, the nature 
of the model, that is, the way in which ac- 
tivities are defined (multiplicative combinations 
of land use, alternate locations, and various 
levels of site elevation and floodproofing) is 
such that rather large size assignment problems 
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are to be expected. This fact, together with the 
possible interaction arising between assign- 
ments, raises computational difficulties. 

In conclusion, optimizing approaches appar- 
ently have the potential for improving flood 
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damage control planning. With additional con- 
ceptual and empirical work and with continuing 
improvements in computer technology, it is not 
too sanguine to expect that potential to be 
realized. 
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Appendix 


The land use management model may be 
written mathematically as follows: 


Max Z = >> Uys) Xyk(t)  t=1---T 
kifp 

Subject to 

Constraint 1 

EXO AO t 


ifp 


tl 


Ay 


Constraint 2 


Dd#t(\Xyk() < PU; t=1---T. 

kfp ; t=1 -I 
Constraint 3 

T dtÀXyt À Z PL: t=1--T 

kjp ` += 1 . g I 


Constraint 4 
Xy (H) = 0 for all i, k, f, p, t 
Constraint 5 


ICFi(t) < [ATELA] 


foralli, k,t,f > 0 
Constraint 6 
ICP) < [AFLI y0] 
prais fp SO 
Constraint 7 
Hyt) > 0 for allt, k, f, p, t 
where: 


Hip (i) = estimated economic productiv- 
ity per acre of the kth unit of 
land in the (ifp) employment; 
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Xy (Ù =number of acres devoted to the 
(ifp*) activity; 
k=specific geographic location; 
i=land use which may be allocated 
to each of the &th locations; 
f=index denoting the presence or 
absence of landfill: f=0, no 
landfill; f>0, landfill to depth 
indicated by value assigned to f; 
p=index denoting the presence or 
absence of floodproofing; p=90, 
no floodproofing; p>0, flood- 
proofing to height indicated by 
value assigned to p; 
t= time period 
d;*() = coefficient indicating the desired 
density of the ith use in the kth 
location; 
A*(t) =number of acres in the kth loca- 
` tion; 
PU,(#) =upper limit of expected growth 
of the ith land use category; 
PL,(i) =lower limit of expected growth 
of the ith land use category; 

ICF (i) = present value of the incremental 
cost of landfill for the ith land 
use to the f level; 

ICP;,*(t) = present value of the incremental 
cost of floodproofing an ith land 
use to the p level; 

ATFL;;*() =present value of the change in 
flood loss attributable to the 
(if*) land use as land fill is in- 
crementally increased; 

AFLI; (N= present value of the change in 
flood loss to the (ifp*) activity 
as floodproofing is incrementally 
increased. 


Quadratic Programming for Least-Cost Feed Formulations under 
Probabilistic Protein Constraints* 


Joxce T. Coen 


This paper shows how a stochastic programming model for least-cost feed formulations under 
a probabilistic protein constraint and other linear restrictions can be solved by using an iterative 
quadratic programming technique. As the least-cost plan for a given probability level must be 


E-o efficient, the result thus obtained is optimal. 


MAJOR problem associated with the ap- 

plication of conventional linear pro- 

gramming in determining the least-cost 
feed mixture which satisfies certain specific 
nutritive and nonnutritive requirements is the 
risk associated with the nutritive content of 
each ingredient. Risk arises because the nutri- 
tive content can vary considerably from one 
batch of ingredients to another. 

When a normally distributed random ele- 
ment exists, and when its variability is ignored 
and only its mean is used in the programming 
model, the resulting mixture will fail to meet 
the guaranteed nutrient content 50 percent of 
the time. A concept of probabilistic constraints 
(i.e., chance-constraints [1, 2,5]) can be used to 
raise the probability of meeting the specified 
requirements from this conventional 50 percent 
level to a desired higher level while retaining 
cost-minimizing properties of the model. This 
is important when a minimum content of some 
nutritive element is guaranteed by the feed 
manufacturer as is often the case with the pro- 
tein content in a feed mix. 

Although protein is not the only stochastic 
restraint, it is frequently the limiting factor in 
the rations fed to livestock [3], and protein 
supplements are expensive feeds.? Protein 
affects almost every body function. Hence it is 
necessary to prepare a livestock ration that 
contains a minimum protein content at a rate 
considerably higher than 50 percent of the time. 
The objectives of this paper are to test a method 


* Acknowledgment is gratefully given to C. B. Baker and 
Hugh Folk for their reading and commenting on the man- 
uscript. The author is also in debt to Wilfred Candler and 
the other AJAE reviewers for their constructive criticism 
on an earlier draft of this paper. 

1 Moreover, cost of soybean meal and other high protein 
feeds are expected to be considerably higher in the near 
future as is stated in the IHinots Farm Outlook, Sept. 1971, 
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of determining the least expensive combination 
of livestock feed meeting a certain minimum 
probabilistic protein requirement and to test 
the implications of this probabilistic require- 
ment in terms of total cost. 

A nonlinear deterministic equivalent equa- 
tion (a function of the mean and variance of the 
random element) for the stated probabilistic 
restraint can be derived. The problem, there- 
fore, can be specified with a linear objective 
function and quadratic constraints. It will be 
shown that a problem of this type can be solved 
by using an iterative quadratic programming 
technique. The procedure derived is based on 
the facts that it often costs more to produce a 
mixture with higher attainable probability of 
success in meeting the required minimum pro- 
tein content, and for a given cost the mixture 
with the highest attainable probability of 
success must be #-o efficient, where E stands 
for the mean protein content in the mixture and 
ø stands for its standard deviation. 


Stochastic Programming Models 


Given certainty in estimates of cost and nu- 
trient content for each ingredient, the problem 
can be formulated as a standard linear pro- 
gramming model. Solution of the model mini- 
mizes the cost for the final mixture so that the 
specified nutrient requirements are satisfied. 
But the nutrient content of ingredients is likely 
not known with certainty. To prepare a live- 
stock ration that contains a minimum percent- 
age weight of protein at a specified level of 
probability, a chance constrained programming 
model is formulated as follows: 


Minimize c’x 


subject to 

(1) Prob (p'x > d) > B, 
(2) Ax > b, 

(3) x> 0. 
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Where l 5 


x= an (nx1) vector of decision variables con- 


\ 


CHEN 


ingredients in the final mix; 

c= the corresponding (x1) vector of cost co- 
efficients; 

p=an (nal) vector of stochastic protein con- 
tent in the ingredients; 

d=the guaranteed minimum protein per- 
centage in the mixture; 

B= the required minimum probability of suc- 
cess; 

A=an (mæn) matrix, and b is an (mx1) vector 
of the other nutritive and nonnutritive 
requirements. 


If vector p is normally distributed with mean 
vector $ and dispersion matrix W, the nonlinear 
deterministic equivalent for equation (1) is 


(4) P'e — g Wa) > d, 


where —g is (1—£) Fractile of N(0, 1). Thus 
—g<0, since a probability of success that ex- 
ceeds 50 percent is the goal. : 

‘If the distribution of vector p is not approxi- 
mately normal or if totally unknown, equati 
(1) can still be transformed into a deterministic 
constraint equivalent to that shown in equation 
(4). However, in this case —q= — (1—8) 
is obtained from the Chebyshev’s approxima- 
tion and is much larger than that of the normal 
deviate.’ 

Accordingly, to raise the probability of suc- 


? Because if p’x~W (p'x, s Wz), then 
Prob [p's > P'z + FO — 6)(e/Wz)'] = 8, 
Prob [p's > F's — F-1(8)(2/Wa)2]p. 


3 Since Prob (p’x>d)>8, if and only if Prob (’x<d) 
<1—8, where 


Prob (p’x < d) = Prob (F's — p's > f'x — d) 
< Prob (|B'xp'x| > Bx — d) 


VWa i 

< Ga ap Ta (Chebyshev’s Inequality). 

Thus if 
We 
eon 
or if 
: P'a — (1 — BEW) > d, 

then : 

. Prob (i's > d) > B. 
That is, 


Prob [p's > g'z — (1 — 6) Ha Wx)" > p. 


cerning the quantity of each of # possible. 
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cess to more than 50 percent, the mean protein 
requirement should be adjusted by its variance 
in the final mix. In other words, the determinis- 
tic equivalent of the probabilistic protein con- 
straint shows that the mean protein content of a 
feed mix is not a good measure for the optimal- 
ity criterion. Instead, mean and variance both 
should be considered simultaneously within the 
program. The conventional least-cost linear 
programming problem is therefore turned into a 
nonlinear programming model with a linear 
objective function, and one nonlinear constraint 
among a number of linear restrictions. 


Alternative Methods of Solution 


When the nonlinear constraint, equation (4), 
replaces the probabilistic constraint, the chance- 
constrained programming model is converted 
into a deterministic nonlinear programming 
model. Zoutendijk has provided a method for 
finding an optimal solution [11, 12]. Zout- 
endijk’s method has been simplified by Van De 
Panne and Popp [10] to deal with one prob- 
abilistic restraint. However, the method is 
iterative, and heuristic judgment is needed. 
Care must be taken in each step of computation 
so that the feasible directions and optimal 
lengths of movements are properly derived. 
Otherwise, convergence may be very slow or 
even nonexistent. 

As a consequence, Rahman and Bender [9] 
have recommended a method to linearize the 
nonlinear constraint, equation (4), so that the 
linear programming code is applicable. More 
specifically, they have proposed the linearized 
equation, 


(S) Bx -~g È (eos) 2 4, 


for the stochastic linear programming model, 
where g; is the standard deviation of p,, the 
protein content of the jth ingredient. Thus, as 
Rahman and Bender themselves have noticed, 
the method they have proposed is equivalent to 
the traditional method of downgrading the 
mean nutrient contained in each ingredient to 
allow for a certain safety margin [8]. 

The linearized equation has assumed the pro- 
tein content to be perfectly correlated among 
ingredients. That is, the correlation coefficient 
between p; and p, is 1.0, jzk, for all f and k, 
since 


2 
( 2 z) = D rjo + DDS ttoo 
3 a j k 


fréh 
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In contrast, the protein content of the ingredi- 
ents is more likely to be independent; that is, 
z Wr= >; 2707. Thus >; (x,0;)_ overesti- 
mates the actual total standard deviation of 
protein contained in the final mixture. The 
actual probability of meeting the required mini- 
mum protein content would generally be more 
than the specified level, 8 [9, p. 615]. Moreover, 
as a consequence of the unduly restrictive as- 
sumption of equation (5), parametric linear 
programming fails to account for the true rela- 
tionships between random protein contents in 
each ingredient. The iterated result for the de- 
sired level of probability of success is likely to 
deviate greatly from the true optimal nonlinear 
programming result.‘ 


A Revised Stochastic Programming Model 


When one nutritive constraint is considered 
probabilistic, an optimal feed mix may be se- 
lected on the basis of unit cost and its associated 
probability of success in meeting a minimum 
level of this specific nutritive requirement. 
When other things are equal, it often costs more 
to produce the mixture with a higher attainable 
probability of success. Therefore a revised sto- 
chastic programming problem can be specified 
to maximize the probability of success, such 
that the cost and other linear inequality restric- 
tions are satisfied: 


Prob (px > d) 
cx < k, 

Ax >b, 

«> 0. 


Maximize 


subject to 


If an optimal solution of this type of problem 
can be easily derived, one can parametrize k 
uniformly over a large range within which the 
desired level of success, 8, may exist. The result 
is optimal with respect to the original stochastic 
programming model. 


Discussion of the Model 
The nonlinear deterministic equivalent equa- 


‘ Although parametric linear programming for g over an 
appropriate range generates a ration that does satisfy the 
desired level of probability of success, the mixture is likely 
to be nonoptimal in terms of the original stochastic pro- 
gramming problem. Cost is likely to be greater than the 
minimum attainable for this ration cost because the solu- 
tion thus obtained minimizes (J; 2y0;)* rather than the 
true measurement of total varanas), (x;0;)?, for any given 
ration cost and mean protein content restrictions. The solu- 
tion is therefore less efficient in terms of the mean-standard 
deviation criterion which will be discussed later. 
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Bix 


The highest-probability-of-success plan 
under a given cost restriction level k 


Figure 1. 


tion (4) for the probabilistic protein constraint 
is a function of mean and variance of protein 
contained in the final mix. Thus an optimal mix 
for the above revised stochastic programming 
problem must be mean-standard deviation 
(E-o) efficient. Analogous to the efficient port- 
folio, defined by Markowitz [6], an efficient 
feed mix can be defined as follows: for the feed 
mix of a given unit cost, it is impossible to 
change the ingredient combination to obtain a 
greater mean protein content without incurring 
a greater standard deviation; it is impossible to 
obtain a smaller standard deviation without re- 
ducing the mean protein content. 

A quadratic programming (QP) model can be 
applied to obtain a series of efficient feed mixes 
under any given cost restriction. The model is 
constructed as follows: 


Maximize p’x — ax'Wx (fora = 0to +) 
cx < k, 
Ax >b, 

x> 0. 


Curve ABC in Figure 1 defines all efficient E-o 
combinations. Point C is identical to the con- 
ventional linear programming results which 
identify the combination with the highest 
mean protein attainable when cost is restricted 
to be no greater than & dollar per ton. 

Concern centers on the mix with the high- 
est probability of success, as indicated in the 
revised stochastic programming model. Hence 
one and only one point along the A BC boundary 
is pertinent to the present problem, and the 
location of this point is now examined. 


subject to 
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Figure 2. The least-cost plan under a given probabil- 
ity restriction level 8 


The deterministic equivalent equation (4) 
implies that the set of iso-probability-of- 
success curves form a set of linear rays drawn 
from point d on the horizontal axis. d is the 
specified minimum percentage weight of protein 
per ton of feed in the final mixture. To maxi- 
mize Prob (p’x> d) is equivalent to minimize 


(a! Wx)? 
px—d 


where 1/q, the slope of L in Figure 1, is a proxy 
for the probability of meeting the guaranteed 
protein content. Accordingly, point P, at which 
Ly is tangent to the E-e boundary, is the opti- 
mal solution point for the revised problem. 

The larger the value of d, the higher the 
tangent point P. Thus the point of the highest 
probability level tends to move upward along 
the E-c boundary and ultimately arrives at 
point C in Figure 1, the deterministic linear pro- 
gramming solution. 

A less risky situation associated with the in- 
gredient protein content may also arise and 
leads to a very flat E-o boundary. Such a situa- 
tion would imply the magnitude of risk involved 
in the conventional linear programming result 
is relatively small in comparison with risks in- 
volved at other points along the boundary. 

When the risk involved in the conventional 
‘ linear programming result is relatively small in 
comparison with other efficient points at which 
risk is considered, and/or when the required 
protein level, d, is relatively large in comparison 
with the maximum mean protein attainable 
under the given cost restraint, ignoring risk, 
then point C in Figure 1 is probably the most 
acceptable feed mixture, even if risk is con- 
sidered. 


1/4 = 
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In regard to the original stochastic program- 
ming problem, at this point only one restraint 
need be considered as probabilistic, and a 
standard quadratic programming model and a 
nonlinear deterministic equivalent equation can 
be derived. For each cost restriction &, there is 
a feasibility E-e boundary and for any p’x 
there is a maximum (x’W2)/? that is consistent 
with the given probability restriction level 8. 
The problem can therefore be represented in 
Figure 2. 

It is also economically meaningful to combine 
Figure 1 and Figure 2 and get the set of “‘effi- 
cient” k, 8 plans, the least cost plans for set of 
probability levels. The curve composed of the 
efficient &, 8 plans can be defined as the least- 
cost expansion curve: the curve PiP:P3P4 in 
Figure 3. For each point along. this curve, a 
higher probability of meeting the nutrient re- 
straint cannot be obtained without raising cost, 
or a lower cost without reducing the probability 
of satisfying the restraint. Thus the least-cost 
formulation for a given probability level must 
be the plan that corresponds to a point some- 
where along this expansion curve. For example, 
the formulation corresponding to P;, for i=1, 
2, 3, and 4 in Figure 3, is the optimal formula- 
tion for a required probability level §;, for 
t=1, 2, 3, and 4, respectively.§ 


The Computational Procedure 


It has already been illustrated how the prob- 
ability of success can be incorporated with the 
more traditional optimizing objective associ- 
ated with a mean and variance model such as 
quadratic programming. A model so modified 
can be solved easily for the size of problem com- 
mon in feed formulations. Thus the iterative 


5 It should be clear at this point that if the solution EF-s 
boundary for any ration cost is less efficient than that of 
QP solutions, this less efficient boundary will be located to 
the left of curve ABC in Figure 1 and intersects it at point 
C. Thus, unless L4 is tangent to curve ABC at point C, the 
maximum attainable level of probability along the less 
efficient boundary is smaller than that along curve ABC; 
the most acceptable plans along these two boundaries are 
different from each other. As a consequence, unless point 
C; represents the highest probability-of-success plan for 
any level of ration cost, and thus the curve which connects 
these points represents the least-cost expansion path, any 
solution generated by other programming methods not 
taking variance of protein content explicitly into account is 
likely to be nonoptimal. It is therefore obvious that the 
solution generated by Rahman and Bender’s parametric 
LP method [9] is likely to deviate greatly from the optimal 
solution. In their example problem, the conventional LP 
solutions which maximize means, ignoring risk, constitute 
the true least~cost expansion path. 
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quadratic programming technique is convenient 
for solving for the least-cost feed mixture under 
conditions of a probabilistic protein constraint 
and other linear restrictions. 

The suggested procedure can be modified 
and summarized as follows: 


I, Linear Programming Problem 
i. Solve the linear programming problem: 


Minimize x 

subject to pfx > d, 
Ax >b, 
x > 0. 


ii, Determine where (a) or (b) applies: 


(a) [E], 
(b) [E] < g.s 


If case (a) applies, stop the calculation since 
the optimal result is obtained. Note that this 
case seldom happens for the present feed formu- 
lation problem. 

If case (b) applies, go to step II. 


II. Quadratic Programming Problem 


i, Solve and record the results at every basis 
change for the parametric quadratic program- 
ming problem: 


Maximize p’x — a(x’Wx) (fora = 0 to +) 
cu k, 
Ax >b, 

a > 0, 


with k=c'x°+1.00 and where 2° is the result of 
the above linear programming model. 

ii, Calculate the highest attainable q value, 
that is, the highest (p’x°— d)/(2” Wx") '/? value, 
along the resulting E-e boundary. Note that if 
this value should occur between two consecutive 
critical turning points of the above parametric 
quadratic programming, linear interpolations 
can be applied to the optimal compositions at 
these two points. 

iii. Determine the probability of success im- 
plied by this highest g value and then decide 


subject to 


è Normal distribution of ’x is assumed. Otherwise, 
Chebyshev's approximation must be applied. 
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Figure 3. The least-cost expansion curve 


whether step IT should be repeated. If so, judge 
what value of & should be applied next to ac- 
celerate convergence to the desired result. 

Between each step of computation, judgment 
is necessary with respect to the value of k to 
obtain a fast convergence. An initial linear pro- 
gramming formulation is suggested to supply an 
idea about the appropriate value of & to start 
with in the quadratic programming formula- 
tion, 


Results of a Numerical Example 


A numerical example problem for the least- 
cost poultry ration is given in Table 1, in which 
the cost of raw materials and their nutrient 
contents other than protein are known and con- 
stant. Seven possible raw materials for poultry 
feed are considered: yellow corn, alfalfa meal, 
corn distillers soluble, fish meal, meat and bone 
scraps, molasses, and soybean meal. Nutritive ` 
requirements and constraints considered are 
protein, fiber, calcium, phosphorous, energy, 
and weight [7]. The minimum protein require- 
ment is specified as 23 percent of the weight of 
the final mixture. 

For illustrative purposes, the required prob- 
ability of success (8) in meeting the protein 
specification is not fixed at a certain level. In- 
stead, the cost restriction (&) associated with 
quadratic programming is parametrized uni- 
formly over the range of $63.31 to $65.11. 
$63.31 is the least cost of a mixture which meets 
the protein requirement at best only 50 per- 
cent of the time. 

Table 2 summarizes the results (obtained by 
using the Rand QP360 [4]) at every basis 
change of parametric quadratic programming 
for each different cost restriction level. The re- 


180 CHEN 


/ 


Am. J. Agr. Econ 


Table 1. Linear programming model and standard deviation of protein contained in ingredient: 


for least-cost poultry ration 











Corn : Meat & 
Row Yellow Alfalfa ies Fish Soybean 

distiller bone Molasses : n 

ae on meal solubles meal scraps n meal Constraint Unit 
2 a Xs ty 

Cost (Cy) = 40.0 55.0 70.0 130.0 115.0 30.0 85.0 Min $ 

Mean Protein (P;) 8.9 17.9 26.9 61.3 50.6 3.2 45.8 > 23.0 % 

Fiber (A1;) 2.0 24.3 4.0 1.0 2.2 — 6.0 <7.0 A 

Calcium laa) 0.02 1.33 0.35 5.49 10.57 0.89 0.32 >1.50 8 

Phosphorous (A3;) 0.31 0.24 1.37 2.81 5.07 0.08 0.67 >1.0 A 
Energy (Au; 3,430.0 1,653.0 2,932.0 2,866.0 1,984.0 1,962.0 2,249.0 >3,200.0 Mcal 
Weight (Ay 1.0 1.0 1.0 1.0 1.0 1.0 1.0 =1.0 Ton 

oj 0.55 0.63 0.60 1.28 1.21 0.20 0.72 





sulting E-oc boundaries are then summarized in 
Figure 4. The results show that when cost per 
ton is increasing, the associated E-o boundary 
is moving to the right, resulting in a higher at- 
-tainable q value along the boundary and thus a 
higher attainable probability of success. For 
example, when &=$63.61, the highest attain- 
able q value, denoted as g, is equal to 0.4071, 
implying the protein requirement will be met 
65.8 percent of the time; when 2=$63.91, 


Table 2. Summary of results* 


g=0.8060, implying the protein requiremen 
will be met 79.00 percent of the time; wher 
k=$65.11, G=2.3619 and thus the probability 
of success is 99.1 percent. Thus plans Ca, C3 
and C; in the table are the least-cost poultry 
rations which will meet the protein require 
ment respectively 65.8 percent, 79.0 percent 
and 99.1 percent of the time. 

The resulting cost-probability of success re 
lationship for the example problem is also sum 





. Cost 
per Plan -2 
on 


o i a Xs 

63.31 Ay 0.6450 0.1331 0.1782 0.0437 
B: 0.7053 0.0037 0.2019 0.0339 

Cı 0.7073 0.2023 0.0345 

l 63.61 Aa 0.6408 0.1350 0.1830 0.0412 
B: 0.7022 0.0033 0.2071 0.0312 

Ca 0.7040 0.2075 0.0317 

63.91 Ag 0.6366 0.1370 0.1878 0.0386 
Bı 0.6991 0.0028 0.2124 0.0285 

Cy 0.7006 0.2127 0.0289 

64.21 Aa 0.6323 0.1390 0.1926 0.0361 
Bı 0.6960 0.0024 0.2176 0.0257 

Ca 0.6973 0.2179 0.0261 

64.51 As 0.6281 0.1409 0.1974 0.0335 
Bs 0.6929 0.0020 0.2228 0.0230 

Cs 0.6939 0.2231 0.0233 

64.81 As 0.6239 0.1429 0.2022 0.0310 
Bs 0.6898 0.0015 0.2281 0.0203 

Ce 0.6906 0.2283 0.0205 

- 65.11 Ay 0.6197 0.1449 0.2070 0.0284 
: B; 0.6867 0.0011 0.2333 0.0175 
Cy 0.6872 0.2335 0.0177 


i J'x—23 Probability 
3 1 STAR 
ar pa (xW x) eWay a of ‘ 
22.4566 0.4325 ~—1.2564 
0.0552 22.9979 0.4696 —0.0045 
0.0559 23.0022 0.4709 0.0047 50.2° 
22.6373 0.4337 —0.8362 
0.0563 23.1887 0.4717 0.40 
0.0569 23.1925 0.4729 0.4071 65.8 
22.8181 0.4351 —0.4181 
0.0573 23.3795 0.4739 0.8007 
0.0578 23.3828 0.4749 0.8060 79.0 
22.9988 0.4366 —0.0028 
0.0583 23.5703 0.4763 1.1974 
0.0588 23.5731 0.4771 1.2012 88.5 
23.1795 0.4382 0.4096 
0.0594 23.7611 0.4787 1.5898 
0.0597 23.7634 0.4794 1.5924 94.4 
23.3603 0.4399 0.8190 
0.0604 23.9520 0.4813 1.9780 
0.0607 23.9537 0.4818 1.9793 97.6 
23.5410 0.4417 1.2247 
0.0614 24,1428 0.4840 2.3612 
0.0616 0.4844 2.3619 99.1 


24.1440 





a y and a, are not activated in the solutions. 


-~ b Normal distribution of the protein content in each ingredient is assumed; probability of success is calculated only fo: 


the highest attainable g value along each E-e boundary. 


° Because of the bounding error associated with the $63.31. 


$ 
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22.4566 22.7942 


marized in Figure 5 which shows that when cost 
is increasing, the probability of success is in- 
creasing at a decreasing rate and finally ap- 
proaches one. The resulting cost-probability of 
success curve can also be used as a guide for 
approximating the specific k value for generat- 
ing any desired result for the example problem. 

For the example problem, the highest attain- 
able q value, along each E-e boundary, occurs 
at the last point of the quadratic programming 
results. This plan is equivalent to the linear pro- 
gramming result that maximizes mean protein 
ignoring risk. This is a possible case, but not a 
necessary one.’ As stated before, the highest 


7 In these particular data, the variances are small relative 
to the mean protein content in the ingredients. This also 
happens to be the case with Rahman and Bender’s example 
problem [9]. One may argue that if this ¢s the case, then the 
optimum plans could be more efficiently obtained by solv- 
ing the standard parametric LP program: 


Minimize 
ox 

subject to 

Px 2d, 
(for d over an appropriate range) 

Az >}, 
and 

x>0. 
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Figure 4. The E-o boundaries for the example problem 





23.4690 23.8065 24. 1440 


attainable g value, g, may occur at any point 
along the EE-s boundary. That is, g may occur 
at any critical turning point of the OP solutions 
or at any point between any consecutive two of 
them. The diagrammatic analysis shown in 
Figure 1 can help allocate this point approxi- 
mately. If g should occur between two consecu- 
tive turning points of QP solutions, then linear 
interpolation on these two points can be used 
because the Kuhn—Tucker necessary conditions 
for optimality at any turning point can be ex-- 
pressed as a linear function of 1/a, x, and p. The 
linearly interpolated solutions at intermediate 
p’x level should also satisfy the optimality con- 
ditions. p represents the dual variables associ- 
ated with the linear constraints of OP. For this 
example, linear interpolations between points 
B; and C; have been carried out, and there is no 
better plan between them.‘ ` 





However, this special characteristic is #ot necessarily typical 
of many other feeding problems. Without checking on the 
E-s boundaries, one is not certain that this is the case for 
other problems. 

* Asa matter of fact, since Cy is better than By, only the 
points close to C; (or the point right next to C;, if you con- 
sider the points on the boundary as discrete) need be ex- 
amined to prove that C; is the best. 
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Probability of Success 


0 63.31 63.61 63.91 64.21 64.51 64.81 65.11 
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Cost per ton 


Figure 5. Cost-probability of success relationship for the example problem 


Conclusion 


It has been shown how a stochastic relation- 
ship can be incorporated in a quadratic pro- 
gramming model, solved iteratively for a least- 
cost feed mix, subject to a probabilistic protein 
constraint and other linear inequality restric- 
tions. The quadratic programming codes cur- 
rently available may not be very efficient for 
large problems. But the problem of least-cost 
poultry feed is usually well within the range of 
computational ease and feasibility. 

The result obtained is optimal for the original 
stochastic programming problem specified as a 
chance-constrained programming model. Lack 
of true shadow price information is the only dis- 
advantage. The dual results for the linear in- 
equality restrictions from quadratic program- 
ming are not the true values for the original 
problem. The dual value for the probabilistic 
protein constraint is simply not available. Nev- 
ertheless, primal results concerning the optimal 
strategy are often the most important in any 
result. 

-This suggested procedure has obvious gen- 
erality in other stochastic programming prob- 
lems with linear objective function, numbers of 


“{i] Cuarnes, A., AND Cooper, W. W., “Chance Con- 

strained Programming,” Mgt. Sci. 6:73-79, 1959. 

(2) , “Deterministic Equivalents for Optimizing 

"and Satisfying Under Chance Constraints,” Oper. Res. 
11:18-39, 1963. 

[3] Conna, T. J., Swine Feeding and Nutrition, New York, 
Interscience Publishers, Inc., 1957. 





linear restrictions, and one similar’ probabilistic 
constraint. Cases associated with general farm 
planning or portfolio selection problems in 
which a linear objective function is optimized 
subject to a minimum probability restriction in 
meeting a target income are examples of prob- 
lems other than the least-cost livestock feed 
formulation where the procedure can be applied. 
The appropriate value of & with which to start 
in the QP formulation may not be as evident. 
Practice can improve the judgment of an appro- 
priate value to start with to accelerate conver- 
gence to the desired level of probability. 


? “Similar” means that the probability constraint must 
be so formulated to restrict the probability of meeting a 
certain minimum level of requirement no less than a certain 
percentage of time. Otherwise, for example with an upper 
bound restriction imposed for restricting the probabilistic 
fiber content of a feed mix, or a feasibility restriction im- 
posed for restricting the probability resource requirement 
of a farm plan, the probability restriction is not similar to 
that of the above. If the probability of meeting a given 
maximum level of restriction is no less than a certain per- 
centage of the time, the quadratic objective function to be 
maximized in the step II model formulation is not 
[P’2—e(x’Wx)]. Rather, it is [— —P's—a(e'Wx)}. Thus the 
entire procedure and its economic logic must be modified 
accordingly. Given the procedure stated in the text, one 
can easily derive this modified procedure. 
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Alternative Tax Treatment of Orchard Development Costs: 
Impacts on Producers, Middlemen, and Consumers* 


Hoy F, Carman ann James G, Youpe 


Present federal income tax laws allow current deduction of development costs for most 
orchard crops. An economic surplus framework is used to analyze the impact of cost capitaliza- 
tion on producers, middlemen, and consumers. Estimated net social returns per dollar of tax 
subsidy range from $0.12 to $15.00 for five California orchard crops under present tax treat- 


ment. 


orchard crops could be treated as a cur- 

rent deduction in computing federal in- 
come taxes. Exploitation of this tax provision 
in the citrus and almond industries resulted in 
legislation that now requires capitalization of 
planting and development costs for these two 
crops.! However, development costs for other 
tree and vine crops continue to be deductible as 
annual operating expenses. Previous studies 
show that this tax treatment for orchard crops 
(other than citrus and almonds) yields a sub- 
stantial tax incentive to farmers and nonfarm 
investors [2, 3]. 


p= to 1970, development costs for all 


Requiring capitalization of isona costs 


for all orchard crops undoubtedly will be con- 
sidered in future tax reform efforts. Such a 
change in public policy would have important 
implications for producers, middlemen, and 
consumers since the existing tax treatment of 
development costs results in larger production 
of orchard crops than would prevail if capi- 
talization were required. Total revenue for pro- 
ducers of crops with inelastic demand is re- 
duced; for crops with elastic demand total 
revenue is increased. Middlemen benefit from 
increased volume under the present tax treat- 
ment of development expenses, and it is ex- 
pected that consumers benefit from increased 
volume at reduced prices. 

In this paper costs and benefits accruing to 


* Giannini Foundation Research Paper No. 362. The 
authors acknowledge the valuable critical comments of 
Frank Conklin, Samuel Logan, George Casler, and an 
anonymous reviewer. 

1 Davenport discusses the tax treatment of orchard de- 
velopment costs both before and after passage of the Tax 
Reform Act of 1969 [5, pp. 11-12 and 6, pp. 333-334]. The 
‘regulations concerning capitalization of development costs 
for citrus and almonds are contained in Section 278 of the 
Internal Revenue Code. 





Hoy F. Carman is associats professor of agricultural eco- 
nomics at the University of California, Davis, and Jawes G. 
Youve is associate professor of agricultural economics at 
Oregon State University. 


184 


producers, middlemen, and consumers of five 
California orchard crops that can now treat 
development costs as a current expense for tax 
purposes are estimated. The first section pre- 
sents the analytical framework employed to 
evaluate costs and benefits for the various 
sectors. Next data sources are discussed. Then 
the estimated net social returns accruing to 
each sector from orchard development tax sub- 
sidies for the five commodities are presented. 
The concluding section summarizes overall 
findings and policy implications, 


Analytical Framework 


A partial equilibrium analysis is utilized to 
compare results of present orchard development 
tax treatment with estimated results if capi- 
talization of development costs were required. 
The study focuses on the impacts of present 
orchard development incentives on producers, 
middlemen, and consumers of five California 
orchard crops: apples, apricots, avocados, free- 
stone peaches, and olives.? The analytical 
framework, utilizing consumer and producer 
surplus, is based on previous work by Griliches 
[10], Peterson [13], and Schmitz and Seck- 
ler [16]. 


‘Supply response 


Time lags between decisions to plant and re- 
sulting production, combined with tree removal 
and changing yields, complicate the estimation 
of supply functions for orchard crops. Consid- 
erable progress has been made in formulating 
models of supply response for perennial crops, 
but severe data problems exist. In a recent 


* These five crops represent a broad spectrum of demand, 
supply, and cultural conditions. The terms “incentives” 
and “subsidies” have specific meanings in this paper. In- 
centives are those tax provisions that stimulate orchard 
development. Subsidies refer to the economic impact of 
these tax provisions on each sector considered. 

3 For an example of model development and estimation, 
gee the recent article in this Journal by French and Mat- 
thews [8]. 
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study, Hamilton calculated long-run tree- 
planting elasticities for a series of California 
tree crops using distributed lags.‘ He developed 
an adjustment procedure to derive consistent 
data series for the various acreage categories 
[11, pp. 270-318]. While there appear to be 
some problems in his formulation of economic 
models for certain crops, the estimated tree- 
planting elasticities for the five crops considered 
in this paper seem reasonable. As shown in 
Table 1, tree-planting elasticities for these five 
crops range from very inelastic to highly elastic. 

Treating removals as a fixed percentage of 
bearing acreage and average yields as constant 
permits the use of tree-planting elasticities as 
an estimate of supply response.’ That is, a given 
percentage change in planting is assumed to 
change production by the same percentage 
when the appropriate time lags are included. 
In a supply framework the tree-planting elas- 
ticities provide an estimate of the shift in supply 
as a result of changed cost conditions. The dy- 
namic adjustment process in moving from one 
equilibrium position to the other is not consid- 
ered here. 


‘ California is one of the few states with time series data 
on planting, removal, nonbearing, and bearing acreage for 
perennial crops. One must exercise care, however, when 
using the data because of reporting procedures used by 
individual counties. 

t Treating removals as a fixed percentage of bearing 
acreage, while an approximation, is often the best estimate 
available. See for example [4, 7, 15]. 





Table 1. Elasticity of tree planting and price 
elasticity of demand, five California 
orchard crops 

Elasticity Price Elasticity of Demand 
Crop of Tree 
Planting* Farm Retail 

Apples -995 — .700% —-1.240> 

Apricots 3.202 — 707e —1.686° 

Avocados 2.037 —1.1304 ~—1.440° 

Freestone Peaches 1.494 — .898! 1.1408 

Olives -236 —1.190? —1.510« 





Source: * Hi p. 264]. 
b [19]. 


¢ Farm and F.O.B. level estimates for canning and 
canned apricots (12, p. 57]. 

4 Derived from retail elasticity of demand using 
elasticity of price transmission (74) = .788. 

eji 


1 (12, p. 57]. 
g Derived from farm level elasticity of demand us- 
ing ny~ .788. 
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Elasticity of demand 


The magnitude of price changes occurring as 
a result of a given shift in supply depends on the 
price elasticity of demand for a particular com- 
modity. Consideration of impacts on consumers, 
middlemen, and producers requires farm-level 
and retail-level estimates of prices and price 
elasticity of demand for each crop. U. S. de- 
mand elasticities reported in other studies were 
used in all instances except for the farm-level 
demand for avocados and retail-level demand 
for freestone peaches and olives. These three 
elasticities (unavailable from other sources) 
were derived using an elasticity of price trans- 
mission equal to .788 and the relationship:* 


Ey= tiyn 
where: 


E= Elasticity of demand at farm level 
¢i;= Elasticity of demand at retail level- ` 
n;= Elasticity of price transmission. 


In the studies utilized, the researchers esti- 
mated linear demand functions and calculated 
price elasticity of demand for an average price 
and quantity. These demand elasticities: are 
presented in Table 1. 


Consumer and producer surplus 


Because acceptable supply elasticity esti- 
mates are not available, supply is treated as 
perfectly inelastic at each equilibrium position, 
For short-run and intermediate-run periods, 
an inelastic supply function is probably a good 
approximation for tree and vine crops. The 
addition of a derived demand curve (D,) at the 
producer level permits division of what is tradi- 
tionally termed “producer surplus” into two 
segments: middlemen and producer surplus 
(Fig. 1). More elastic supply curves would re- 
duce the sum of middlemen and producer 
surplus but would not affect consumer surplus 
estimates. 

To analyze the costs and benefits resulting 
from the present tax treatment of orchard de- 
velopment costs, it is necessary to shift supply 
from the present situation (S$) to S’, which in- 
cludes capitalization of development costs (Fig. 
1). Since the benefits of present orchard develop- 
ment tax provisions to the three sectors are 


6 For a discussion of the concept of elasticity of price 
transmission and its derivation see [9, pp. 61-62]. The 
coefficient 7;=.788 is the average for the four fruit prod- 
ucts reported by George and King [9, p. 62]. 
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Figure 1 


being analyzed, it is useful to assess the impacts 
of moving from S’ to S in Figure 1: 


(1) consumers surplus increases by areas 


A+B; 
(2) middlemen surplus changes by areas 
C+D+E—A; 


(3) producer surplus changes by areas F— C. 


Gains to society, termed ‘‘gross social returns,” 
are defined as | 


(A+B) +(C+D+E-A+F-0C) 
=B+D+E+F. 


To calculate “net social returns,” the tax sub- 
sidy is subtracted from gross social returns. 
The amount of tax incentive realized by an 
orchard developer depends on his tax bracket 
and the costs deducted from his current income. 
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Suppose, for example, that the developer is in 
the 50 percent marginal income tax bracket; 
that capitalization would result in a capital ac- 
count of $1,000 per acre; that the expected tree 
life of the orchard crop is 20 years; and that the 
relevant interest rate is 7 percent. Current de- 
duction of the establishment costs of $1,000 
would result in a tax saving of $500. If capitali- 
zation were required, the taxpayer could deduct 
only $50 per year for 20 years, with an annual 
tax saving of $25. The present value of a 20- 
year $25 annuity at 7 percent interest is $265. 
The difference in tax saving, defined here as 
the tax incentive, is $500-$265 = $235. For this 
analysis aré capitalized all net costs of estab- 
lishment, other than interest and taxes, until 
annual orchard income covers annual costs.’ 

Reed’s studies of establishing California 
orchards were used to estimate the magnitude 
of costs which would be capitalized if legislation 
similar to that now in effect for citrus and al- 
monds were extended to all orchard crops [14]. 
The development period ranged from four years 
for olives to eight years for apples and avocados. 
Apricots required six years and peaches five 
years.® Crop income, after payment of operat- 
ing expenses, first was used to offset taxes and 
interest costs, with any remaining income used 
to reduce costs capitalized under revised tax 
treatment. Resulting capital accounts ranged 
from $399 per acre for olives to $2,951 per acre 
for avocados (Table 2). 


1 Treasury regulations exempt taxes and interest from 
capitalization for citrus and almonds; we are assuming the 
same tax treatment in our analysis of these five crops. 

$ Capitalization of almond and citrus development costs 
is only required for four years after planting. If the grove 
takes longer than four years to become self-supporting, the 
developer will receive some tax benefit from deduction of 
costs. 


Table 2. Average bearing life, period of cost capitalization, development costs capitalized 
annual depreciation, and current income tax incentive for development by marginal 
income tax bracket, five California orchard crops 








Average umber pa Annual Tax Incentive by Marginal Income Tax Bracket 
Crop Bearing tobe 1957-59 eprecia- 
Life Capitalized ` Dollars tion 20 percent 30 percent 50 percent 70 percent 
wane eee nee eee dollars per acre --------------- 

Apples 40 8 1,879 46.98 251 376 626 877 
Apricots 35 6 538 15.37 68 102 170 237 
Avocados 30 8 2,951 98.37 346 519 865 1211 
Freestone Peaches 20 5 621 31.05 58 88 146 204 
Olives 50 4 399 7.98 58 87 145 203 








® Source: [14]. 
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Table 3. Bearing acreage, annual planting required to maintain acreage, and 1967-1971 
average production, yields and prices, five California orchard crops 














; Annual Planting Average Prices* 
Crop 1971 Bearing> Required to Average Average> 
Acreage Maintain Production? Yields Farm? Retaile 
Acreage - 
acres acres tons tons/acre dollars/ton 
Apples 22,640 566 240,800 10.94 59.80 246.80 
Apricots 31,060 887 164,800 4.86 99.60 464.34 
Avocados 18,380 613 54,120 2.91 311.20 864.44 
Freestone Peaches 19,900 995 220,600 9.43 66.00 264.00 
Olives i 27,470 - 549 55,800 2.05 229.00 1,090.00 














* 1967-1971 average prices, deflated (1957-59 = 100). 
b 1967-1971 averages calculated from data in [1]. 


¢ Calculated from farm price by using estimated farmer’s share of retail dollar for each crop. 


Estimated tax incentives by the orchard de- 
veloper’s marginal income tax bracket are 
shown in Table 2. Calculations assume straight- 
line depreciation of the capital account over the 
bearing life of the orchard, with an interest rate 
of 7 percent used in calculating present values. 
Planting incentives are available for all five 
crops, with the amount of incentive varying 
directly with the size of the capital account and 
the income tax bracket of the developer. All 
prices and costs are deflated by the index of 
prices paid by farmers (1957-1959=100) to 


duction and prices are Q= 240,800 tons, 
P;=$59.80 per ton, and P,=$246.80 
(Table 3), 


where 


Q= average annual production of apples 
in California; 

P;=average farm-level apple prices in 
California; and 

P,= average retail apple prices in Cali- 
fornia. 


provide comparability. (2) Calculated per acre tax incentives by tax 
Data on acreage, production, and yields are bracket were converted to incentives per 
shown in Table 3. Planting required to maintain ton using estimated lifetime yields. The 
bearing acreage is based on 1971 bearing acre- tax incentive is $877 per acre (Table 2), 
age and the assumed bearing life of the orchard. average yield is 10.94 tons per acre (Table 
Retail prices were estimated from average farm 3), and bearing life is 40 years (Table 2). 
prices and 1966-1971 data on farm to retail The incentive is thus $877- (10.94) (40) 
price spreads for fresh and processed fruit [18]. = $2.00 per ton. This is equivalent to a 
The estimated farmers’ share of retail prices 3.34 percent decrease in returns per ton if 
were; apples 24.23 percent; apricots, 21.45 per- capitalization were required. 
cent; avocados, 36.00 percent; freestone peaches (3) Using the elasticity of tree planting, the 
25.00 percent; and olives, 21.00 percent.® impact on production of removing the tax 
incentive was calculated. Using the defi- 
Social Returns nition of elasticity and the elasticity of 
Consumer, middleman, and producer surplus apple tree planting (Table 1), the calcu- 
were calculated for each of the five California lation is: 
orchard crops for developers having income Atte 
placing them in the 20, 30, 50, and 70 percent percentage change in O=: .995 (3.34) 
marginal income tax brackets. With use of = 3.323 percent. 
apples as an example, the calculations for a tax- 
payer in the 70 percent marginal tax bracket Applying this percentage to Q= 240,800 
are as follows: tons, the change in Q is 8,002 tons and 
. ’ = 232,798 tons. This shift is shown b 
(1) Average 1967-1971 California apple pro- movement from S to S’ in Figure 1 
® The margin for avocados is from [17]. The other mar- (4) The change in equilibrium quantities 


gins are a weighted average based on the proportions of the 
crop sold fresh and processed. 


supplied, combined with elasticities of 
demand, provides estimates of price 


188 / CARMAN AND YOUDE 








Table 4. Estimated annual gross and net 
gains to consumers, middlemen, 
and producers of California apples, 
and tax subsidies for development 
by tax bracket of the developer 

Tax Bracket of Developer 
Group 20 30 50 70 
per- per- per- per- 
cent cent cent cent — 
- - - - thousand dollars - - - - 

Consumers 472 660 1,133 1,565 

Middlemen 181 254 436 619 

Producers —59 —82 —136 — 183 

Gross Social Returns 594 832 1,433 2,001 

Less Tax Subsidy 142 213 355 496 

Net Social Returns 452 619 1,078 1,505 





changes at the farm and retail levels,!° 
The estimated change in farm level apple 
price is 4.75 percent or $2.84 per ton, 
while at the retail level it is 2.68 percent 
or $6.61 per ton. Thus, P;’ = $62.64 and 
P, = $253.41, 

Relevant areas shown in Figure 1 were 
calculated using the above prices and 
quantities and the following relations: 


(5 


~~ 


A=(P,'—P,)Q’ = $1,538,795 
B=1/2(P,'—P,)(0-O’)= 26,447 
C=(P/—P)Q' = 661,146 
D+E=(P,—P)(0-0’) = 1,496,374 
F=P,(Q—Q’) © = 478,520 


These areas are then used to calculate changes 
in consumer, middleman, and producer surplus 
when moving from S’ to S. 

Estimated gains and losses to consumers, 
middlemen, and producers of California apples 
as a result of current tax treatment rather than 
requiring development cost capitalization are 
shown in Table 4. Gross returns range from 
$594,000 to $2,001,000 depending upon the tax 
bracket of the developer. Deduction of tax 
revenue decreases leaves net social returns 
ranging from $452,000 to $1,505,000 for the tax 
brackets used in Table 4. Losses in producer 
surplus are more than offset by the tax subsidy. 
Society has realized a net return of approxi- 


10 Price elasticities of demand are treated as constant for 
the very small calculated movements along the linear de- 
mand curves used in this study. 
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mately $3.00 for every dollar of tax incentive 
going to California apple orchard developers 
when compared with estimated conditions if 
development cost capitalization were required. 

California typically produces 6 to 8 percent 
of the U. S. apple crop, ranking fourth among 
all states in total apple production. Although 
the results presented in Table 4 are limited to 
California, it is assumed that changes in capi- 
talization requirements would result from fed- 
eral legislation and therefore would be national 
in scope. Thus, calculated changes in net 
social returns would probably be increased by a 
factor of 10 to 15 for the entire United States: 
Extrapolation is limited to this wide range-be- 
cause of possible regional differences in supply 
response and apple orchard development costs. 

Gross and net social gains and development 
tax subsidies are summarized for the five or- 
chard crops in Table 5. The 30 percent mar- 
ginal income tax bracket represents a typical ` 
situation for many California farmers. The 70 
percent tax bracket is included to illustrate the 
incentives for high-income individuals to invest 
in orchards, and the resulting impacts on three 
sectors of society. The following four sections 
summarize the results for apricots, avocados, 
freestone peaches, and olives, 


Apricots 


Estimated increases in gross social benefits 
from California apricots as a result of treating 
development costs as a current expense range 
from $983,000 to $3,474,000, depending on the 
tax bracket of the developer. The relatively 
small tax subsidy to apricot producers results 
in net social returns only slightly less than gross 
returns. In fact the small development subsidy- 
is not sufficient to offset losses in producer sur- 
plus, mainly because of the high tree-planting 
elasticity for apricots (Table 1). Therefore 
California apricot producers as a group incur a 
net loss of $23,000 to $48,000 as a result of cur- 
rent tax treatment of orchard development 
costs when compared with the capitalization 
alternative. A comparison of subsidies and re- 
turns indicates that society has realized a net 
return of about $15.00 for each dollar of tax 
subsidy allowed to apricot orchard developers. 
California accounts for over 90 percent of total 
U.S. apricot production. Thus calculated gains 





4 Citrus and almond capitalization requirements re- 
sulted from federal legislation and are now embodied in 
U. S. Treasury regulations. 
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Table 5. Estimated annual gross and net gains to consumers, middlemen, and producers, and 
tax subsidies for developers in 30 percent and 70 percent marginal income. tax 
brackets, five California orchard crops 











Group Apples Apricots Avocados Freestone Peaches Olives 
30 Percent Tax Bracket - - - - thousand dollars - - ~ - 
Consumers 660 863 1,239 533 36 
Middlemen 254 737 508 96 15 
Producers —82 —123 98 —15 2 
Gross Social Returns 832 1,477 1,845 614 53 
Less Tax Subsidy 213 90 318 87 48 
Net Social Returns 619 1,387 1,527 527 5 
70 Percent Tax Bracka - - - - thousand dollars - - - - 
Consumers 1,565 1,990 2,818 1,208 79 
Middlemen 619 1,742 1,269 230 40 
Producers —183 —258 300 —31 4 
Gross Social Returns 2,001 3,474 4,387 1,407 123 
Less Tax Subsidy 496 210 742 203 111 
Net Social Returns 1,505 3,264 3,645 1,204 12 





would increase only slightly for the entire 
United States. 


Avocados 


Elastic demand for avocados at the farm 
level results in a pattern of returns different 
than for apples or apricots. All three groups 
have increased their surplus as a result of pro- 
ducers currently deducting development costs 
rather than capitalizing them. Growers benefit 
two ways: they realize producer surplus, and 
they also receive a tax subsidy. Producer bene- 
fits range from $272,000 to $1,042,000 depend- 
ing upon their average tax bracket. The large 
magnitude of the tax incentive (compared to 
the other four crops) is the result of relatively 
high development costs (Table 2). Society has 
realized a net return of approximately $4.80 for 
every dollar of tax subsidy to avocado orchard 
developers. 

The production of avocados is limited to areas 
with relatively mild winters; approximately 80 
percent of U. S. production is located in Cali- 
fornia and most of the remainder is located in 
Florida, While development costs and supply 
response may differ slightly between California 
and Florida, increasing the estimates in Table 5 
by 25 percent probably would provide a fair 
representation of the impact of orchard de- 
velopment tax subsidies on the entire U. S. 
avocado industry. A limited amount of land is 
climatically suitable for avocado production, 
and competition for this land for urban de- 
velopments probably has been a major impedi- 
ment to increased avocado orchard develop- 
ment, even though producer surplus is expected 
to increase as production expands. 


Freestone peaches 


The pattern of gains and losses for freestone — 
peaches from present development tax policies 
is similar to apples and apricots. Producers lose 
surplus because of an inelastic farm-level de- 
mand for peaches. However, this decrease in 
producer surplus is more than offset by orchard 
development tax subsidies, resulting in a net 
producer subsidy of $47,000 to $172,000 for 
California freestone peach producers. The pro- 
portion of social gains accruing to consumers 
(86 percent) is larger than for any other crops 
analyzed. Society has realized net gains of about 
$6.00 per dollar of tax subsidy granted de- 
velopers. 

Freestone peaches are grown in all regions of 
the U. S., but California is the largest producing 
state. In recent years California has produced 
from one-fourth to one-third of the nation’s 
freestone peach crop. Yields normally are 
higher in that state than in other areas. While 
complete data on freestone peach acreages do 
not exist, itis estimated that between 14 and 17 
percent of total U. S. freestone peach acreage 
is located in California. However, estimates of 
tree-planting response coefficients and orchard 
development costs in other regions would be 
necessary before the California values could be 
extrapolated as U. S. estimates. 


Olives 


Increases in gross and net social benefits from 
treating olive orchard development costs as a 
current expense rather than as a capitalized cost 
were lower than for any other crops considered. 
The major factor leading to this result is the 
very low elasticity of tree-planting for olives 
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(Table 1). Apparently olive orchard plantings 
are relatively unresponsive to changes in de- 
velopment costs. The pattern of gains for olives 
is similar to avocados, since olive demand is 
elastic at both the farm and retail levels. Con- 
sumers realize about two-thirds of the esti- 
mated increases in gross social benefits. Tax 
subsidies are almost as large as gross social re- 
turns for each tax bracket. The result is a low 
net social return as a consequence of the tax 
subsidy—about $0.12 for each dollar of subsidy. 
California is the only important olive-produc- 
ing state in the U. S.; hence, the estimates in 
Table 5 can be regarded as representative of the 
entire U. S. industry. 


Conclusions and Policy Implications 


To determine gains and losses accruing to 
producers, middlemen, and consumers as a 
result of orchard development tax incentive 
policies, the responsiveness of orchard tree 
plantings to changes in costs is combined with 
farm and retail demand elasticities for orchard 
crops. One method of assessing the relative 
impact of these incentives on various sectors of 
society is to compare the net social returns re- 
sulting from the subsidy with expected results 
under an alternative tax policy. For the five 
orchard crops analyzed here, combined net 
returns to consumers, middlemen, and pro- 
ducers as a result of present orchard develop- 
ment tax regulations (rather than cost capitali- 
zation) ranged from $0.12 per dollar of subsidy 
for olives to $15.00 per dollar of subsidy for 
apricots. While the distribution of gains varied 
by commodity, consumer surplus was the larg- 
est segment of gross social returns for all crops 
and income tax brackets considered. Middle- 
men surplus as a result of treating development 
costs as current operating expenses was positive 
for all cases analyzed. 
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‘Since this analysis includes only five orchard 
crops, categorical statements cannot be made 
about the scope and incidence of benefits from 
present orchard development tax policies. How- 
ever, the diverse nature of the crops considered 
here leads to the intuitive conclusion that the 
direction (if not the magnitude) of impacts 
would be similar if all orchard crops with similar 
tax treatment of development costs were con- 
sidered. It is believed that the application of 
consumer-middleman-producer surplus analy- 
sis to all these commodities would show that 
consumers and middlemen have derived the 
largest gains from tax subsidies for orchard 
development. It also appears that—while the 
concern of existing commercial producers over 
the impact of these tax subsidies on their 
future returns is justified—benefits to growers 
as a group (including new entrants taking ad- 
vantage of the tax subsidies) are positive for 
most commodities. 

The efficiency of present orchard development 
tax incentives in allocating resources or dis- 
tributing income among producers, middlemen, 
and consumers has not been considered. While 


‘these topics are germane to a consideration of 


alternative tax policies, they are beyond the 
scope of this paper. 

Tax reform will become an increasingly im- 
portant public policy issue during the next 
decade. Taxation of capital gains and enterprise 
development costs has already been identified 
by policy-makers as a high-priority issue in 
possible tax-reform legislation. If the extension 
of capitalization requirements to perennial 
agricultural crops (in addition to almonds and 
citrus) becomes an important policy considera- 
tion, it is hoped that the dialogue will consider 
the impacts of proposed tax-law changes on all 
sectors of the food system—including pro- 
ducers, marketers, and consumers. 
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Short Articles and Notes 


An Approach to Farm Management Education* 


MICHAEL Borsiye, VERNON EDMAN, AND OvELL WALKER 


As farm management education programs evolve to serve business—oriented farm firms, planning, 
implementation, and control functions become major areas of emphasis. Integration of three 
computerized management tools—a budget generator, a management game, and LP-FARM-—in 
a farm management course provided students with practical experience in each management 


function. 


techniques are being used at Oklahoma 

State University to emphasize the pro- 
cesses of planning, implementation, and control 
in a senior level farm management course. A 
key component of this course is the direct 
utilization of computerized tools by students 
to solve farm management problems. It is 
recognized that teaching a student how to 
use service-oriented computer programs does 
not necessarily teach the concepts that can be 
used in further analyses. However, these pro- 
grams can be used to reinforce theoretical and 
analytical concepts and provide experience in 
performing managerial functions. 

The general objectives of undergraduate farm 
management courses can be summarized as 
teaching the student to integrate concepts and 
information from the biological, physical, and 
social sciences in making decisions and to apply 
decision-making procedures to the problems of 
organizing and operating the farm business. 
As educational programs in farm management 
evolve to serve larger-scale business—oriented 
farm firms, the processes of planning, imple- 
mentation, and control become the major areas 
of emphasis [8, 9]. Continued emphasis on the 
planning process is a necessary, but not a sufh- 
cient condition for successful completion of the 
objectives of farm management education. Ex- 
perience in the implemeniation of plans and 


* Journal Paper No. J-2572, Oklahoma Agricultural Ex- 
periment Station. The encouragement and suggestions 
provided by William Brant, Darrel Kletke, Ted Nelson, 
and James Plaxico have been instrumental in the develop- 
ment of this manuscript. This paper is intended as a con- 
tribution to the dialogue begun with the Symposium on 
Education in Agricultural Economics following the AAEA 
Meetings in August 1972, with specific reference to under- 
graduate education in farm management. 


Cis structure and computer assisted 





MICHAEL BoEHLJE és assistant professor, and VERNON 
EDMAN and ODELL WALKER are professors of agriculiural 
economics at Oklahoma State University. 


192 


control of the farm business should be provided 


‘to bolster student interest in learning to use the 


planning process effectively and to prepare 
them for successful farm management careers. 
While the general objectives of farm manage- 
ment education may remain the same, in- 
creased emphasis on the processes of implemen- 
tation and contro] will enhance the degree to 
which these objectives are achieved. 

The course organization and ideas to be pre- 
sented have evolved from discussions with col- 
leagues and trial and error selection over several 
years. Formal experiments have not been con- 
ducted to test for significant differences in 
achieving course objectives. However, the 
authors have found certain tools and techniques 
useful in enhancing farm management educa- 
tion and present them not as complete answers, 
but as ideas to stimulate professional dialogue 
on alternative approaches to undergraduate 
farm management education. 


Planning and Implementation 
The farm management game 


A farm management game is introduced early 
in the course, usually during the second hour of 
class time. A wide range of realistic crop and 
livestock activities are included in the game, 
and government program choices reflect current 
legislation [5]. Students must make crop and 
livestock choices, pay family living and over- 
head expenses, and conform with financial obli- 
gations such as debt constraints and loan pay- 
ments on land, machinery, and cows. Livestock 
prices and crop and pasture yields have sto- 
chastic, trend, and cyclic components which are 
developed within the computerized game. 


1 A laboratory farm was dropped in favor of a game farm 
several years ago as a basis for whole-farm planning prob- 
lems. In controlled experiments, Curtis has found that 
business games can be an effective teaching tool for man- 
agement education; see [4]. 
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The major role of the game is to provide 
managerial experience in applying concepts and 
using data developed in the course. The game 
farm serves as a reference point for introducing 
discussion of farm planning and management 
problems and concepts. It is used to illustrate 
application of analytical techniques and as a 
means of implementing decisions after analyses 
have been completed. For example, students 
use enterprise budgets and partial budgeting in 
making decisions on the game farm and imple- 
ment the decisions in a subsequent year of the 
farm’s operation. Thus, gaming exploits both 
cognitive and associative learning principles. 
That is, the student learns to solve different 
problems by choice and application of appropri- 
ate problem solving techniques, and he also 
learns to respond to problematic situations in a 
rational and reasonable manner [10, 11]. 

Classroom experiences at Oklahoma State 
University over a five-year period suggest that 
the use of gaming as a central focus for the 
course has the following benefits: 


(1) Gaming motivates the students to learn 
techniques such as partial budgeting and 
linear programming because they have 
an immediate need for them. It also en- 
courages students to use these concepts 
throughout the semester rather than only 
on the exercise(s) assigned. 

(3) The game farm is an invaluable source of 
class examples to clinch teaching objec- 
tives. The student need not wonder for- 
ever what expected values and variances 
have to do with enterprise budgets and 
choosing crop and livestock enterprises, 

(3) Diversification, flexibility, liquidity, in- 
surance, reserves, and “‘sure”’ enterprises 
do not remain abstract words to the stu- 
dents. They can identify use of these 
strategies and their effects on operation 
of the game farm. 

(4) Planning, implementation, and control 
can all receive meaningful emphasis. For 
example, the relationship between a 
planning tool, such as a partial budget, 
and a control tool, such as a profit and 
loss statement, becomes clear as the stu- 
dent ‘‘operates” the farm through time. 
Additionally, the effects of financial con- 
straints and variable receipts on ability 
of the farm to survive and grow are il- 
lustrated. 

(5) Students receive the equivalent of ele- 
mentary farm management experience. 
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Evidence of management’ experience is 
reflected by student discussion in and out 
of the classroom, by performance on 
examinations designed to test the stu- 
dent’s ability to apply concepts and’ 
techniques, and in students’ reactions to 
new situations in the game operation. 
Because the game includes uncontrollable 
events, the student is not graded on game 
results. 


Experience also indicates these benefits can 
easily be lost if: 


(1) The game emphasizes computations more 
than management. Repetitive computa- 
tions should be computerized. 

(2) The game is not developed progressively. 
Additional enterprises, development of 
irrigation, land rental, and land purchase 
are successively introduced into the game 
after a few years of game farm operation 
to maintain interest and introduce new 
considerations. 

(3) The game is unrealistic. Students accept 
abstractions such as indefinite farm loca- 
tions, but resist outdated farm programs, 
prices, and production practices. 


The budget generator 


The Budget Generator is a systematic com- 
puterized procedure used to develop enterprise 
and cash flow budgets for a specified set of as- 
sumptions [6, 7, 12, 13, 14]. Data on physical 
production relationships and prices are de- 
veloped externally for input to the system. This 
information is combined with internally calcu- 
lated fixed and variable cost estimates for ma- 
chinery and equipment to generate enterprise 
and cash flow budgets with a standardized, 
readable format. In addition to easing computa- 
tional burdens, the Budget Generator facilitates 
standardization in the calculation of cost and 
return items for different enterprises as well as 
in the presentation of results to the user. 

The Budget Generator has made significant 
contributions to classroom instruction in the 
senior farm management class. Availability of 
the system has convinced students that it is 
feasible to develop a comprehensive set of ac- 
tivity budgets as a step in farm planning. They 
are not overwhelmed with the clerical tasks. 
The theoretical concepts, computational pro- 
cedures, format, and data sources are discussed, 
and students prepare several budgets for the 
game farm to develop understanding and skills. 
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Then the instructor leads the class to project 
needs and specifications for additional game 
farm enterprise budgets which are přepared us- 
ing the Budget Generator and given to the 
students.? Thus use of the Budget Generator 
enables the student to spend more time on con- 
cepts relating to preparation and use of enter- 
prise budgets while obtaining an adequate un- 
derstanding of the mechanics of budgeting. 

The section of the course on machinery costs 
relies on the Budget Generator for examples and 
illustrations. By setting machine cost, hours of 
machine use, interest rates, salvage values, and 
other parameters at alternative values in sep- 
arate Budget Generator runs, numerous eco- 
nomic relationships are easily illustrated. Other 
important analytical phenomena easily illus- 
-trated by output from the Budget Generator 
include enterprise cash flow, rental-ownership 
comparisons for land or equipment, economic 
feasibility, and effects of yield and price changes 
on enterprise net returns. 

Farmers in Oklahoma can secure the services 
of the Budget Generator through County Ex- 
tension Directors. Extension personnel from 
county to state level are involved in preparing 
base budgets for use in extension education 
programs and research. This process contributes 
to keeping budgets current. Thus the Budget 
Generator helps bring more current and ac- 
curate information and sharper illustrations 
into the classroom. As a result, students’ con- 
fidence in the course and the instructor is in- 
creased. The overall program encourages stu- 
dents to learn the format and use of the budgets 
because they can reasonably expect an oppor- 
tunity to use the program and results in the 
future. These attributes of relevance are im- 
portant to students. 

_ The enterprise budgets are used as a basis for 
whole—farm partial budgeting procedures. After 
these procedures have been taught, applied to 
planning problems in the game farm, and 
advantages and shortcomings noted, attention 
is diverted to planning using linear pro- 
gramming. 


LP-FARM 


The LP-FARM program consists of three 
main components—a data generator, a solution 
algorithm, and a report writer [1, 2, 3]. The 
-data generator takes information from an input 

2 Those students requesting to learn the mechanics of 


completing the input forms are given this instruction out- 
side of scheduled class time. 
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form specially designed for a user with limited 
linear’ programming background and converts 
it into the matrix form required by the solution 
algorithm. The solution algorithm for LP- 
FARM is the standard simplex procedure. The 
report writer converts the optimal solution in- 
formation into a set of production, marketing, 
and financial reports that can be readily under- 
stood by the user. 

Linear programming is presented as an alter- 
native to hand budgeting in the course. A 
graphic illustration of the concepts of the linear 
model and a discussion of the data requirements 
and assumptions are first presented. Then a 
detailed exercise on constructing a simplified 
LP tableau for the game farm (approximately a 
15 by 15 matrix) and a summary of the informa- 
tion obtained from linear programming are dis- 
cussed. Finally, LP-FARM is introduced to 
make linear programming operational for the 
student. Students set up the input forms re- 
quired for LP-FARM and then learn to read 
and interpret the output. Students are also re- 
quired to use LP-FARM to analyze either an 
actual farm or ranch of their choice or a realistic 
alternative for which the appropriate data are 
available. 

One significant advantage of using LP- 
FARM in the classroom is that it operational- 
izes the discussion of whole-farm planning 
without making great demands on the student 
in terms of a background in linear program- 
ming. The budgeting approach suffers from the 
tedious and time-consuming calculations re- 
quired to generate one, let alone a number of 
partial budgets. Because of the flexibility of 
LP-FARM, not only can the importance of 
whole-farm analysis and the interaction be- 
tween enterprises in resource use be discussed 
and illustrated with a specific example, these 
can be reinforced through analysis by the stu- 
dents of their own farm situations. This practi- 
cal application to a problem that is real for each 
student helps convince them that whole-farm 
analysis can be used to solve as well as concep- 
tualize farm management problems. 

The section of the course on whole-farm 
planning includes discussion of key concepts 
that are illustrated by formulating, solving, and 
analyzing an LP-FARM problem. For example, 
competitive, complementary, and supplemen- 
tary enterprise relationships are illustrated with 


linear programming rather than a two dimen- 


sional blackboard graph or other traditional 
teaching aids. Students are quick to grasp the 
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implications of shadow prices and ranges of 
linearity and can relate them to a concurrent 
review of marginal principles. The concept of 
opportunity cost and the impact of noneco- 
nomic decisions are also vividly illustrated by 
loss in net revenue associated with various 
types of personal preferences that the user may 
include in the model. 

In addition to reinforcing theoretical con- 
cepts, LP-FARM is a convincing means of 
illustrating the important role that resource 
endowments and availability play in farm man- 
agement. Shadow prices indicate to the student 
those resources currently available in excess 
quantities as well as the relative availability 
and productivity of other resources. Further- 
more, a comparison of LP-FARM solutions 
illustrates the effect of relative resource endow- 
ments on the optimum combination of enter- 
prises. Thus students understand the simple 
concept that farms with the same acreage may 
have quite different profit maximizing organiza- 
tions if different quantities of capital or family 
labor are available. 


Control? 


The essential components of a control system, 
ex ante farm budgets and ex post farm records, 
are already operational tools in the farm man- 
ager’s tool kit. However, it is questionable if 
farm management courses on the campus have 
adequately explained how these tools can be 
coordinated to determine why actual perfor- 
mance deviates from budgeted expectations or 
how decisions could be improved. While it is 
easy to list and discuss the usefulness of records 
for computing taxes, dividing returns under 
partnership, corporation and labor incentive 
agreements, and comparative analysis, it is 
difficult to convince students that records repre- 
sent more than a summary of the past. How- 
ever, emphasis on records for control purposes 
may convince students of the usefulness of farm 
record systems in forward planning. 

Use of the farm management game as a cen- 
tral focus for the course provides a means to 
emphasize the control function and usefulness 
of record data. Students playing the manage- 
ment game prepare a budgeted income and ex- 
pense statement, implement the plan through 
the game, and then compare the “actual out- 
come” with the budgeted plan. Comparisons 

3 For discussions of control as a basic process of manage- 


ment which go beyond the scope and space limitations of 
this paper, see [8, pp. 637-642; 9, pp. 407-418]. 


Farm MANAGEMENT EDUCATION / 195 
between student teams in and out of class pro- 
vide an evaluation of different courses of action 
in one year and over time. The game output 
lists, yield levels, product prices, cash income 
and expense by item, and a net worth state- 
ment. Students feed information from the com- 
parison of actual outcome to budgeted expecta- 
tions into the planning process for the coming 
year and thus learn the elements of control. 
Students can also use the game output to 
develop enterprise accounts and data for a com- 
parative analysis among student-farmers and 
between years on one farm. 

Possibilities to add realism to undergraduate 
farm management education programs by em- 
phasizing the control function appear unlimited. 
Experience with the course suggests that using 
computer tools permits sufficient emphasis on 
the planning and implementation functions 
such that a misallocation of the most limiting 
resource (instructional hours) may result unless 
greater emphasis is devoted to the control func- 
tion. 


General Benefits of Computerized 
Management Tools 


A major contribution of using the computer- 
ized tools is that they provide the means to 
coordinate and integrate extension and on- 
campus educational programs. It is emphasized 
in the classroom that the Budget Generator and 
LP-FARM were developed as extension tools to 
help farmers analyze and solve actual problems. 
Extension personnel frequently assist in pre- 
senting materials in class and have spent a sub- 
stantial amount of time answering student 
questions on LP-FARM outside of class. After 
having been exposed to LP-FARM in the class- 
room, those students who return to the farm or 
work with farmers in some capacity are aware 
of its usefulness and can work directly with the 
area extension specialists to apply the procedure 
to their problems. Many students have dis- 
cussed the program and the results with their 
families, resulting in some changes in farm or- 
ganization and inquiries as to the availability 
of the program. Because of the personal ex- 
posure to extension personnel, students are 
more likely to contact them when they need 
assistance in solving specific problems after 
they have left campus. 

Use of computerized management tools gives 
a rapid application turnaround. The impor- 
tance of accurate data can be quickly illustrated 
and suggestions can be made concerning which 
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physical coefficients are the most important and 
must consequently be the most accurate. The 
importance of accurate data is most effectively 
substantiated by ‘‘nonsense” results from the 
students’ Budget Generator and LP-FARM 
applications which can be traced to inaccurate 
data or incorrect problem specification. 

Finally, use of these management tools allows 
the instructor to concentrate his discussion on 
management issues rather than tedious calcula- 
tions or abstract mathematics. In particular, 
the LP-FARM procedure does not require the 
student to know matrix algebra or matrix ma- 
nipulation. He also is not asked to complete 
tedious calculations as required in hand budget- 
ing or even programmed planning. Thus the 
class can confront more management issues and 
yet obtain sufficient expertise in the utilization 
of analysis techniques to analyze these issues 
accurately. 


Problems of Computerized Management Tools 


Certain problems can arise in using com- 
puterized planning tools unless appropriate 
plans are made. First, it is important that the 
tools be used to teach a concept or an analytical 
procedure. One must be careful that the 
mechanics of filling out the proper forms do not 
overshadow the concepts being taught. 

The use of computerized planning tools in 
on-campus educational programs will undoubt- 
edly increase the cost per credit hour taught. 
The computer cost of using the farm manage- 
ment game, LP-FARM, and the Budget Gen- 
erator in the classroom is about $400 a semester 
for a class of 40 to 50 students.* This cost esti- 
mate does not include debugging costs or ser- 
vicessuch as keypunching and verifying. In addi- 
tion substantial professional time is required to 
counsel with students analyzing their own farm 
operations. Not including the classroom time 
spent in explaining the LP-FARM input and 
output forms, approximately three to four hours 
of professional time is required per student to 
assist him in analyzing his farm. For those 


4 The “in house” computer processing rates at Oklahoma 
State University are approximately $320 per hour of CPU 
time. 
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students who do not program their own farms 
but utilize the resource, budget, and farm in- 
formation available, only about one hour of pro- 
fessional time is required per student. 

An additional problem that can arise in using 
these tools is one of classroom and course plan- 
ning. Substantial prior planning must occur to 
ensure that the computer results to be discussed 
have been run and checked for errors. Debug- 
ging of any program problems should be accom- 
plished well before the semester begins, and the 
instructor must utilize the program including 
filling out the appropriate forms so that he is 
aware of interpretation problems and other 
issues which might raise student questions. 

A final problem concerns evaluation of stu- 
dent performance in a course stressing use of 
computerized management tools and gaming as 
learning devices. The game involves manage- 
ment practice in an uncertain environment. The 
desired result is that the student demonstrate 
appropriate use and understanding of planning 
concepts and techniques. The student is fre- 
quently asked to defend his gaming decisions 
but not the outcome, although he must live with 
the outcome in subsequent plays of the game. 
In addition the student has an opportunity to 
demonstrate understanding of concepts through 
laboratory exercises, examinations, and a term 
problem involving use of LP-FARM. The latter 
provide the basis for the student’s course grade. 


Conclusion 


Increased emphasis on business management 
concepts in farm management education pro- 
grams is long overdue. Consistent with this 
emphasis is the utilization of computerized for- 
ward planning techniques. The additional step 
of coordinating use of planning techniques with 
ex post records for control purposes should be 
further emphasized in such courses. A benefit- 
cost ratio for using these tools in education 
programs has not been systematically esti- 
mated. Judgment and experience suggest that 
the ratio is certainly greater than one. How- 
ever, it must be reemphasized that teaching 
students to use these tools may not accomplish 
educational objectives unless the tools are used 
as a means of teaching concepts. 
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On the Timing and Application of Pesticides* 


Darwin C. Hart anp Ricuanp B. Norcaarp 


The model developed by J. C. Headley to illustrate the entomologists’ concept of the economic 
‘threshold is presented and criticized. A two-variable model directed at the problems of optimal 
timing and pesticide application as well as optimal pest population level is presented. 


sons, preventative spraying with heavy 

doses of nonselective, persistent insecti- 
cides is becoming obsolete. Pest resistance, 
rapid pest resurgence due to a lack of natural 
control by predators recently killed from appli- 
cation of pesticides, socially unacceptable en- 
vironmental costs, and other phenomena result- 
ing from preventative spraying have gradually 
led to more remedial spraying with selective 
pesticides. Entomologists are now promoting 
integrated control, i.e., using the best combina- 
tion of all known inputs and techniques includ- 
ing biological controls, cultural practices, and 
chemical approaches. The philosophy of inte- 
grated control is well established; but, due to 
the disaggregated approach of past entomologi- 
cal research and the limited attention paid by 
economists to the problem, methods are still 
ad hoc. The dichotomy between the state of the 
philosophy and that of the practice is illustrated 
by considerable concern over the “economic 
threshold,” a term used by entomologists to de- 
note the pest population level at which controls 
should be initiated [3, p. 240]. Entomologists 
advocate using all inputs in their best combina- 
tion and simultaneously admit considerable un- 
certainty as to when and how even a single 
control input, such as an insecticide, should 
be used. 


F economic, ecological, and social rea- 


The Headley Model 


The definition of the economic threshold has 
recently been investigated by J. C. Headley 
within the framework of a simple pest popula- 
tion growth model and a single application of a 
pesticide [2]. The model relates crop damage 
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systems.” 





Darwin C. HALL is a research assistant of agricultural 
economics and RICHARD B. NoRGAARD és assistant professor 
of agricultural economics at the University of California, 
Berkeley.. 


198 


in dollars to pest density and time. The eco- 
nomic threshold is that population level where 
the marginal benefit from damage prevented by 
the control program is equal to the marginal 
cost of realizing that population through a con- 
trol program. The model has four basic ele- 
ments: a pest population growth function 
(equation 1.1), a pest damage function (equa- 
tion 1.2), a product yield function (equation 
1.3), and a pest control cost function (equation 
1.4). Each of these elements is presented below. 





(1.1) P, = Pini +r) 
(1.2) D:= bP? — A 
(1.3) Y=N-—cD, 
(1.4) K= 4 

Pin 
where 


P,=pest population level at time period 1, 

the harvest time; 
P,»=pest population level n periods prior 
to ł; 
r=net growth rate of the pest population 
per time period; 

D,=cumulative damage at time period é, 
given as a function of P, where the 
pest population has grown from Pin 
to P, with no external interruption; 

A=a constant related to the pest damage 
tolerance level based on the recuperat- 
ing potential of the crop; 

b=a parameter relating units of pest pop- 
ulation to units of crop damage; 

Y=realized product yield at harvest time 
(#) in dollars; 

N=potential yield at harvest time if no 
pest damage, expressed in dollars; 

c=a parameter relating damage units to 
dollars; 

K=total cost in dollars of reducing the 
pest population to P-a at time i—n,; 

and ; 
h=a parameter relating the inverse of 
population units to dollar units of con- 

trol costs. l 
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Combining the first three equations yields: 


(1.5) Y =N —c{d[P_.(1 +] — 4}. 

The marginal change in yield due to an incre- 
mental increase in the pest population level at 
time period ¿~n is: 


(1.6) es 2cb(1 + r)”P 
L. dP, a = C r t—ne 


The marginal change in the cost of pest con- 
trol due to an incremental change in pest popu- 
lation at time period t—n is: 


(1.7) pes S 





pa Pie 


Equating marginal revenue to marginal cost 
determines the optimal level to which the popu- 
lation should be reduced during time period 
t—n: 


Ge: ST Corot 


This is Headley’s economic threshold. It indi- 
cates the level.to which the pest population 
should be reduced during time period !—» such 
that the damage due to the growing pest popu- 
lation between t~—n and harvest time f is mini- 
mized subject to the cost of pest control. 
Headley’s model nicely illustrates several of 
the factors which must be considered in any 
definition of the economic threshold. Neverthe- 
less, it has several limiting assumptions. First, 
Headley implicitly assumes that the period of 
pesticide application i—n is “entomologically 
determined.”! Thus pest damage prior to i—n 
cannot be controlled and is not considered in 
his model. Figure 1 illustrates the relationships 
between pest population and time in the model. 
The economic threshold, as defined by Headley, 
is the level P., to which the population should 
be reduced rather than the population level 
Piwa at which controls would be initiated. 
Previous definitions of the ecunomic threshold 
by entomologists have emphasized this latter 
population level. The vast majority of pests do 
not have a crucial stage when they are vulner- 
able to pesticides; hence, the question of when 
to apply pesticides must be addressed. Indeed, 





1 This assumption is not made clear in the original paper 
but is implicitly stated in a later letter from Headley to the 
authors dated February 3, 1972: “In fact, the population 
level Pia is entomologically determined as the crucial stale 
of the insect” (italics ours). 
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Figure 1. Pest population levels over time 


the effectiveness of most pesticides is fairly well 
documented. The important issues are con- 
cerned with when they should be used. 

Second, the cost of control must be a function 
of the level of population before controls are 
initiated, P:.—a, and the difference between 
P,-n—a and the level reached after control, Pi». 
Since Pina is a function of Po, the pest popula- 
tion at the time of planting, Headley’s cost 
function is valid only for a unique, unspecified 
value of Po. It should be noted, furthermore, 
that, if the time of pesticide application /—n isa 
variable, the cost function must be considerably 
respecified. 


A Two-Variable Model 


The following model corrects the above de- 
ficiencies yet retains as much as possible of the 
simple general form of Headley’s model. It con- 
sists of five elements: a pest population growth 
function (equation 2.1), a pest population kill 
function (equation 2.2), a pest population dam- 
age function (equation 2.3), a product yield 
function (equation 2.4), and a pesticide cost 
function (equation 2.5). These are presented 
below. 

Pest population growth and kill functions: 


Poet forhst< ti 
(2.1) P@® = (Paet — Ret 
fori; <i ta 
(2.2a) K = K*[X, P(t] = K*(X, Por“) 
(2.2b) K = K(X, hi, Po r) 
where 


r=pest population growth, 
to=planting time, 
t;= pesticide application time, 
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i, = harvest time, 

K =pests killed by pesticide application, 
P= initial pest population at žo, 


and 
X = quantity of pesticides. 


The kill function indicates that the number of 
pests killed is a function of how much pesticide 
is applied and how many pests are present when 
the pesticide is applied. P(#,) is a function of t; 
r, and Po; but, since the parameters Po and r 
are assumed to be fixed for any given planting 
period and pest, the abbreviation is as follows: 


(2.2c) K = K(X, t). 
Pest, population damage function: 
(2.3a) a(i) = bP(é) 
a 
(2.3b) Dlh- h) = f d(#)dt 
ty 
where 
d(i) = instantaneous rate of crop damage 
in physical units due to pests (note 
that d(f) is piecewise continuous 
over fy to h); 
b=a parameter which specifies the 
rate of crop damage in physical 
units per pest; 
and 


D(h—h) = cumulative crop damage between 
time h and time h. 


Total damage at harvest time can be broken 
into two parts, one before pesticide application 
and one after: 


(2.36) D(t, — b) = J d(t)dt + f l d(t)dt 
= D, + Ds. 
b 
D(is — b) = "Gi — eti) 
(2.3d) 


[Py — e7#K(X, t)] 
+ Pile" — 1)} 


when /.=0. This is derived by substitution of 
equations (2.1), (2.2c), and (2.3a) into equa- 
tion (2.3c).? 

. 2 The pest population damage function may be rewritten 
as: 

[PQ — AW] for P@) > AO 


aw =} for PO SAW 
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‘Product yield function: 
(2.4) Y = N — D(t) 
where 

Y=physical yield at harvest, 

4=0, 
and 

N=pbysical yield if no damage occurs from 

pests. 

Pesticide cost function: 
(2.5) C= aX 
where 


C=total cost of pesticides, 
X=number of units of pesticides, 


and 
a= cost of purchasing and applying a unit of 
pesticide. 
Profit can now be written: 


(2.6a) r =BY — C = p[N — Di — D] — aX. 


Substituting equation (2.3c) into (2.6a) re- 
sults in the following: 


b 
r= pv — {en — et) 
r 


(2.6b) 3 [Po — ethK(X, t.)] 


+ Pile“ — 1)} — aX. 


The economic threshold is the' population 
level P(t;) associated with the two decision 
variables, the optimum application time f, and 
the optimum quantity of pesticide X, which 
simultaneously maximize profits. Differenti- 
ating equation (2.6b) with respect to X and 1; 
results in the first-order conditions: 


Bb 
(2.7a)  wx=—a-+— [e0 — 1] Kx(X, t) =0. 
r 


where A (#) is the pest damage tolerance level, the maximum 
pest population level which, at each point in time, results 
in no discernible loss due to pest damage at harvest time. 

Two cases must be investigated. The first is whether Pe 
is less than A (4). The second is whether P,e%—XK is less 
than A(é). For simplicity, suppose A is constant. If 
P.<A, there exists some t such that equation (2.3d) may 
be rewritten as Poe’ =A or te=i/r[I(A)—In(P,) ]. Sim- 
ilarly, if P.e‘s—X is less than A, there exists some tas such 
that tea =i/r[In(A) -mn (Pes —K) +4. 

Using equations (2.3) and (2.4), total damage can 
be broken into two periods consisting of damage before 
and after pesticide application: D(&—s)—D[i;—max 
- (ix; b) +D [i—mar (tee, &)]. The problem of applying 
the above equation is that the max (tsx, tł) is not known a 


priori. 
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= [lew], (X,t 
(2.7b) Fi [ ] 4( sti) 
tre et R(X, 1) =0. 


Equations (2.7a) and (2.7b) indicate that the 
economic threshold is also a function of the 
time of harvest, the rate of pest population 
growth, the rate of damage to crops per pest, 
the effectiveness of the pesticide, the cost of 


pesticide, and the price of the crop. Rewriting 


equations (2.7a) and (2.7b) results in the 
following: 


ar 
Bb[era-t) — 1] ` 
rK(X, tje tmt) 
elti) — 1 i 


(2.10) Kx(X, 1) = 


(2.74) K(X, 4) = 


Since é, is greater than Ł; in both case 1, con- 
dition 2, and case 2, e’(4,-';,)—1 is positive. 
Therefore, since a, r, 8, and b are also positive, 
Kx(X, t) is positive, indicating that more 
pesticide indeed kills more pests. Since K(X, t;) 
is positive for positive values of X, K,,(X, t;) is 
positive. This is intuitively appealing since, for 
later #,’s, the pest population density increases, 
and a fixed quantity of pesticide would kill a 
larger number of pests when the pest density is 
greater. It is rather interesting to note that 
product and pesticide costs affect Ky but not 
K. This means that, if the quantity of pesti- 
cides to be applied is for some reason fixed, the 
timing of application would not be affected by 
changes in the prices of the pesticide or the 
product. In this case the only determinants of 
t; are the effectiveness of the pesticide and the 
pest population growth rate. To solve explicitly 
for the economic threshold, the form of the pest 
population kill function must be specified.? 


3 We note that profit maximization must be constrained 
to exclude negative pest populations and applications of 
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Conclusions 


The foregoing model is an improvement on 
Headley’s model in that both the timing and the 
quantity of pesticide applied are variables. 
Like Headley’s model, it provides rigor to the 
definition of the concept of economic threshold 
but is too simple for practical application. In 
reality, the decision to spray is complicated by 
the presence of more than one pest and inter- 
relationships between pests, beneficial preda- 
tors, and parasites which may also be killed by 
the pesticide. Furthermore, the toxicity of some 
pesticides is persistent; weather, pest density, 
and the availability of food, among other fac- 
tors, influence net population growth rates; 
plants are sometimes more and other times less 
sensitive to pest damage; biological control 
inputs can be introduced into the system; and 
the system itself can be manipulated to reduce 
pest damage. Recent work by Carlson has 
brought out the importance of uncertainty and 
the risk preferences of pest managers [1]. As 
these additional factors are introduced, mathe- 
matical models rapidly become unmanageable. 
“Black box” approaches, which explicitly 
recognize the uncertainty of future events and 
the risk preferences of the decision-maker, will 
be necessary in the next generation of models. 


negative quantities of pesticide. The second-order condi- 
tion xxx<0 and the previous result ea- —1>0 imply 
that Kxx<0. This means additional increments of pes- 
ticide must be less effective than previous increments. 
Summarizing, this model has a unique interior solution if 
the following three plausible assumptions are valid: the 
number of pests killed increases with an increase in the 
quantity of pesticide applied; the number of pests killed 
increases at a decreasing rate; and a given quantity of 
pesticide will kill more pests if the pest density increases. 
4The mathematical complexity of the simple pest- 
predator relationship without the other factors discussed 
above has been explored recently by Paul A. Samuelson [4]. 


References 


[1] CARLSON, GERALD A., “A Decision Theoretic Approach 
to Crop Disease Prediction and Control,” Am. J. Agr. 
Econ. 52:216-223, May 1970. 

[2] Heaptey, J. C., “Defining the Economic Threshold,” 
presented at the National Academy of Sciences, Sym- 
posium on Pest Control Strategies for the Future, 
Washington, D. C., April 15, 1971 (in National Acad- 
emy of Science, Pest Control Strategies for the Future, 
1972, pp. 100-108). 


[3] National Research Council, Subcommittee on Insect 
Pests of the Committee on Plant and Animal Pests, 
“Insect Pest Management Control,” Principles of Plant 
and Animal Pest Control, Ch. 17, Vol. 3, 1969. 

[4] Sasroztson, PauL A., “Generalized Predator—Prey 
Oscillations in Ecological and Economic Equilibrium,” 
Proceedings of the National Academy of Sciences, U.S.A. 
68:980-983, May 1971. 


The Optimum Combination of Resources Within and 
Among Country Elevators 


P. W. Lyriz aw L. D. HuL 


A sunk capital hypothesis and merger, analyzed with linear programming, are used as aggre- 
gate constraints to temper results of firm models when analyzing intermediate length—of~run 
structural adjustments of country elevators. The conflict of simultaneously recommending fewer 
firms in the industry and expansion of all individual firms is handled. 


ISTORICAL data of changes in the struc- 
H ture of an industry often reveal a 

circuitous path leading slowly, if at all, 
toward the optimum size and type of firms 
identified in optimizing long-run models. The 
slow and sporadic response of individual firms 
to pressures for adjustment are partly explained 
by the cumulative effect on future decisions of 
past investments in facilities. 

Prediction of the adjustment process of in- 
dustry structure is hampered by the difficulty 
of incorporating market region constraints into 
the micro decision process of firms or models of 
these firms. Failure to recognize explicitly these 
constraints in micro decisions gives rise to two 
areas of inconsistencies: the sum of the volumes 
of individual firms that have expanded accord- 
ing to profit-maximizing micro models may 
exceed the potential volume available to the 
entire industry; and adjustments in the ca- 
pacities and volumes of competing firms may 
change the coefficients on which the micro deci- 
sions were based. 

In practice, marketing firms may risk addi- 
tional resources for facility expansion and in- 
creased volume even when economic studies 
indicate an overcommitment of resources in the 
industry. In recent years published studies of 
industry structure suggest fewer and larger 
firms in many industries [2, 6, 7, 8, 10, 11, 13]. 
Typically, Chern and Polopolus determined 
that “. .. the current plant locations and plant 
numbers are excessive in relation to a long-run 
plan for industry efficiency in assembling and 
processing oranges in Florida. The findings sug- 
gest that merger, consolidation and possible 
abandonment of some old plants will be neces- 
sary in the future. On the other hand estab- 
lishment of new plants in some new locations is 
also appropriate” [1, p. 585]. 

To reflect long-run equilibrium trends, the 
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least-cost combination of resources should be 
based on full costs of invested capital. In the 
short-run adjustment process, however, in- 
dustry structure depends on opportunity costs 
of capital invested in relatively fixed and often 
specifically designed assets, the noneconomic 
goals of management, and the economic vari- 
ables that motivate change within individual 
firms. Within this transition process lie many 
important research questions and profit op- 
portunities that can be analyzed with linear 
programming models. 


Objectives and Procedures 


The objective of the study was to analyze ad- 
justments in the structure of the grain industry 
within a narrowly defined geographical region 
by testing alternative assumptions about the 
capital structure on the optimum number and 
types of elevators. 

A basic linear programming model of all 
country elevators in an Illinois county was 
sequentially modified to provide solutions that 
determined: the optimum resource use and 
volumes for each firm in the market region 
given existing capacities and the opportunity 
to purchase additional facilities; the optimum 
volumes, resource combinations, and types of 
firms when all existing firms in the county com- 
pete for a given supply of grain and also when 
a potential entrant is included as an alterna- 
tive; the effects of a sunk capital hypothesis; 
and the effects of a merger between two existing 
elevators. 

Solutions for the individual firms (micro re- 
sults) and for the market region as a whole 
(market region results) were compared using 
short-run managerial constraints and varying 
costs of capital to determine a possible adjust- 
ment process toward a long-run equilibrium 
organization of resources. 


Market Region 


Stark County, Illinois plus 10 adjacent town- 
ships comprised the market region to be 
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Table 1. Projected actual volumes during the 1975-1976 crop year and other characteristics 
of the firms 
Firm 
Item 
1 2 3 4 5 6 7 8 9 
Farmer-owned corn T,—T,* (1,000 bu.) 109 None None 415 945 267 315 None None 
Elevator-owned corn 7;—7,* (1,000 bu.) 182 276 486 204 236 267 210 «318 26 
Grain bank 7,—T7,* (1,000 bu.) 73 None None None None None None 6 66 
Farmer-owned soybeans T;—7,* (1,000 bu.) 7 None None 33 50 16 13 None None 
Elevator-owned soybeans T;—T,* (1,000 bu.) 16 54 66 67 12 62 38 40 30 
Period 5 volume (1,000 bu.) 1,160 359 197 824 1,710 245 736 335 247 
Total corn T1—7,** (1,000 bu.) 1,283 612 681 1,272 2,187 772 1,241 589 544 
Total soybeans T;—7;"* (1,000 bu.) 264 78 68 271 766 84 70 110 62 
Total grain handled 7;—7,4** (1,000 bu.) 1,547 689 749 1,543 2,953 856 1,311 699 606 
Dries corn Yes No Yes Yes Yes Yes No Yes Yes 
Willing to expand ` Yes No Yes Yes Yes Yes No Yes Yes 
Present storage capacity (1,000 bu.) 264 57 49 350 502 661.5 85 45 150 
Present drying capacity (bu./hr.) 417 — 1,222 695 1,136 625 — 833 357 





* T,—T, refers to time periods one through four. 
** T,—T; refers to time periods one through five. 


analyzed. The region was selected on the basis 
of two main criteria: the potential demand for 
services of country elevators; and evidence of 
required adjustments in existing facilities to 
meet the demand for these services [5]. 


Micro Analysis 
Structure of the micro models 


Micro models were constructed using the 
resources, demand for services, supplies of 
grain, and managerial constraints appropriate 
to each firm in the market region. This in- 
formation was determined through personal 
interviews with managers of the firms and from 
secondary data [9]. . 

The micro model of each firm was basically 
the same and permitted the firm to: 


(1) Receive, dry, store, and ship corn and 
soybeans. 
(2) Hire labor and expand existing receiving, 
drying, storage and/or shipping capacity 
at varying costs of capital. 
Differentiate among farmer—owned and 
elevator-owned corn and soybeans, and 
grain-bank corn. 
Operate during five time periods rep- 
resenting three consecutive one day 
periods of maximum harvest receipts 
(T1—Ts), the remainder of harvest 
through December (74), and the re- 
mainder of the crop year (Ts). 
Earn merchandising margins of 3, 2; or 1 
cent per bushel for corn and 4, 3, or 2 
cents per bushel for soybeans; the 
margins vary according to degree of 


(3) 


(4) 


(5) 





competition among firms to obtain addi- 
tional volumes [14, pp. 958-959]. 


Supplies of grains were based on projections 
of marketings to 1975 and made available to 
each micro model for each of the five time 
periods according to each firm’s historical 
receipts pattern. Projected actual volumes, 
characteristics, and model restrictions of the 
nine elevators in the market region are sum- 
marized in Table 1. 


Solutions for the micro models 


Table 2 summarizes the results of the profit- 
maximizing micro solution for each firm. In 
general the firms received enough grain to meet 
their storage capacity restrictions plus all the 
highest margin grain available in T4, much of 
which was shipped immediately after it was 
received. 

Comparisons of the optimum volumes in 
Table 2 with the projected volumes in Table 1 
reveal that all nine firms could increase profit 
by increasing the volume handled even over 
actual projected volumes. At the 7 percent cost 
of capital used to obtain the values in Table 2, 
Firms 1, 4, 5, and 6 purchased additional drying 
capacity. 


Parametric programming on the micro models 


The cost coefficients and thus the micro solu- 
tions could be altered by individual firms 
through a recombination of resources or through 
changes in volume and capacity. To test the 
sensitivity of the nine firms to changes in their 
costs, parametric programming was used on 
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Table 2. Volumes handled in each micro solution at 7 percent cost of capital 
Firm 
Item’ 
1 3 4 5 6 7 8 9 

Objective function ($1,000) 107 30 13 è 56 77 53 ë 35. 12 18 
Farmer-owned com T;—T,* (1,000 bu.) 187 ra — 508 921 491 —_ — — 
Elevator-owned corn 7;—T,* (1,000 bu.) 331 520 392 250 230 491 401 452 413 
Grain bank T;,—T¢* (1,000 bu.) HOS Wee eee ee e ee ae 2 56 
Farmer-owned soybeans T,—7,* (1,000 bu.) — = — 22 — 11 38 — — 
Elevator-owned soybeans Tı— 7," (1,000 bu.) 44 114 57 46 65 45 113 29 45 
Period 5 volume (1 ,000 bu.) 3,726 1,262 2,845 3,722 1,815 3,055 3,059 3,722 706 
Total corn T;—Ts** (1,000 bu.) 31617 1,700 3.216 3,732 2.219 3,956 3376 3.428 1,082 
Total soybeans T,—7;** (1,000 bu.) 791 196 78 815 812 136 235 716 136 
Total grain handled T;—7;** (1,000 bu.) 4,409 1,896 3,294 4,547 3,031 4,093 3,611 4,204 1,219 
Storage capacity (1,000 bu.) : 264 57 49 350 502 661.5 85 45 150 
Drying capacity (bu./hr.) 549 — 1,222 861 1,311 959 — 833 357 











* T,—T,, refers to time periods one through four. 
** T;— T; refers to time periods one through five. 


each of the nine models-to analyze changes in 
facility purchases for costs of capital from 10 to 
0 percent. Capital costs were selected because 
they provide a convenient coefficient affecting 
all activities simultaneously and can serve as a 
proxy for changes in other cost items. 

Purchases of storage capacity were relatively 
insensitive to reductions in capital costs. At a 
low 3 percent cost of capital, Firms 1; 3, 4, and 
5 added small amounts of storage; all firms 
except Firm 6 added minimal storage capacity 
with further reductions to zero cost of capital. 
Drying and receiving capacity purchases were 
also minimal until the cost of capital became 3 
percent or less. 

The micro solutions exhibited a high degree 
of stability in their profit-maximizing combina- 
tion of resources, particularly at interest rates 
around the base value of 7 percent. Increases in 
efficiency, changes in cost structure, or vari- 
ability in minimum levels of returns to capital 
would be expected to have little effect on the 
actions of firms already established in the 
market region. 


Aggregative Adjustments of Existing Firms 


The general recommendation for each firm 
based on the micro solutions would be a reduc- 
tion of margins when possible in order to ex- 
pand the quantity of grain handled. However, 
if all firms in the region attempted to follow 
this recommendation, their aggregated de- 
mands for corn and soybeans from harvest 
through December (Ty-T4) would exceed the 
total estimated supply of 4,944,000 bushels by 
over 1,453,000 bushels. Most of the nine firms 
would be operating on a reduced merchandising 


margin for at least part of the crop year under 
the assumption that these higher prices would 
elicit larger volumes. Those firms for which 
additional volume failed to materialize would 
suffer reduced incomes. The long-run. effect 
would be elimination of financially weaker 
firms and additional profit opportunities for the 
survivors. Knowledge of which firms should, or 
will, survive would facilitate the adjustment 
process and lessen the economic losses to firms 
and society. The market region models provided 
additional insight into this adjustment process. 

The basic structure of each market region 
model was a combination of the micro models 
into a single matrix. Common row constraints 
were used for each market region supply of the 
different classes of grain; only T-T, supplies 
were used because all Ts volumes are shipped 
from farms to subterminal elevators. There was 
no differentiation of merchandising margins so 
that each elevator competed on the basis of its 
efficiency in performing necessary functions. 
The solutions of these models identify the cost 
minimizing combination of elevators and their 
respective activities. 


Basic market region model 


To evaluate the adjustment process by which 
the existing nine firms in Stark County in 
competition with each other will move toward 
optimum organization for the industry, a 
market region model was solved using the 
present capacities and restrictions of each firm 
including the opportunity for additional facil- 
ity investment at an interest rate of 7 percent. 
Cost advantages, diversity of services offered, 
grain handling efficiency, and flexibility of 
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Table 3. Volumes handled in basic market region solution 





Costof Firmi Firm2 Firm2 Firm3 Firm4 Firm4 Firm5 Firm6 Firm7 Firm8 Firm9 Firm9 








capital corn com soybeans corn corn soybeans corn corn soybeans corm corn soybeans 
(Percent) ----- penne enna en nnn en enn nnn nnn 1,000 Bushels--------------~-----------~----------------- 

10 623- 179 114 147 711 195 1,151 1,229 170 100 301 24 

9 623 179 114 147 711 195 1,151 1,229 170 100 301 24 

8 623 179 114 147 711 195 1,151 1,229 170 100 301 24 

7 623 179 114 147 711 195 1,151 1,229 170 100 301 24 

6 623 179 114 147 711 195 1,151 1,229 170 100 301 24 

5 623 177 114 147 1,131 — 1,151 1,024 170 100 88 219 

4 623 175 114 147 1,177 — 1,151 1,024 129 100 43 261 

3 593 176 86 147 1,206 156 1,151 1,024 — 100 43 261 

2 593 175 87 147 1,207 156 1,151 1,024 — 100 43 261 

1 593 175 — 147 1,207 432 1,151 1,024 — 100 43 72 

0 593 176 — 147 1,206 503 1,151 1,024 — 100 43 — 





management were the factors that differenti- 
ated the firms with respect to opportunity to 
grow or even survive. 

Volumes handled by the firms in the basic 
market region solution varied significantly from 
their respective micro results although all nine 
firms remained viable (compare Table 2 with 
the 7 percent interest basic market region solu- 
tion of Table 3). In general the firms reduced 
receipts in the market region solution relative 
to their micro solutions because of the fixed 
supply available to the market region. Reduced 
volumes indicate that the results of micro level 
analyses must be tempered with aggregative 
constraints. 

Parametric programming on the cost of capi- 
tal for all firms revealed significant changes in 
volumes handled and provided additional in- 
formation on the expansion opportunities and 
the competitive advantages of the nine firms 
(Table 3). All firms except Firms 7 and 9 ex- 
panded at least one phase of their physical plant 
to meet the demand for services in the market 
region as interest rates varied. 


Long-run optimum market region model— 
all resources variable 


Examination of the long-run optimum or- 
ganization of the industry requires a model in 
which all resources are variable and the types of 
firms are not restricted to those presently 
operating in the region. A large, highly mech- 
anized grain elevator (called Firm A) was in- 
cluded as an alternative in the second market 
region model, along with the elevator types rep- 
resented by the existing nine firms. All firms 
started with no capital facilities and could 
purchase equipment at a 7 percent cost of capi- 
tal. Fixed costs were calculated on a per bushel 





basis and were adjusted if a firm entered the 
solution at a significantly different size than 
assumed in the original budgeting. Firm A 
dominated the outcome due to its lower op- 
erating costs. Firm 2 was the only other firm 
in the optimal solution; it was strictly a mer- 
chandising and blending operation. i 
Simultaneously changing the interest rates for 
all firms (the equivalent of changes in costs for 
fixed facilities) did virtually nothing to offset 
the efficiency advantage of Firm A and mer- 
chandising advantage of Firm 2. This kind of 
result is often cited as evidence that large, 
highly mechanized, efficient grain handling 
facilities will dominate the structure of the 
country elevator industry as the long-run op- 
timum structure is approached. Such a conclu- 
sion may be valid when all facilities must be 
purchased at the full cost of. capital, but the 
observed low rate of decrease in numbers of 
firms in the industry suggests that other models 
are needed to explain the adjustment process. 


The sunk capital hypothesis 


Most elevator facilities in the county are 
depreciated nearly to zero, and there are no 
alternative uses for the invested capital. Con- 
sequently, these firms may realistically ignore 
depreciation costs except on purchases of new 
equipment while construction of a new firm 
would require full cost for all facilities plus a 
competitive return on capital. 

The market region model testing the sunk 
capital hypothesis used present capacity of each 
existing firm, but no interest or depreciation 
charge was included for use of this capacity. 
Any addition of new capacity to the existing 
facilities incurred full costs of depreciation and 
a 7 percent interest charge. Firm A could enter 
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Table 4. Volumes handled in the market region solution of the sunk capital hypothesis 








Tr Firm A Firm! Firmi 
toF ima om ‘corn soybeans corn soybeans com 
(Percent) -------6 -rennan re nn nee eee eee 

20 — 623 — 179 114 147 
19 353 623 — 172 114 147 
18 353 623 _—| 172 114 147 
17 353 623 _ 172 114 147 
16 400 623 — 169 114 147 
15 429 593 ~~ 170 114 147 
14 604 593 — 167 89 147 
13 604 593 _ 167 89 147 
12 604 593 _ 167 89 147 
11 669 593 — 166 32 147 
10 678 593 — 166 25 147 
9 679 593 — 166 24 147 

8 680 593 — 164 24 147 

7 699 593 _ 163 — 147 

6 1,506 593 — 15k — 147 

5 1,983 590 .3 129 — 147 

4 2,177 590 3 129 — 147 

3 3,037 590 3 114 —_ 123 

2 3,184 443 3 114 — 133 

1 3,600 50 — 114 — 109 

0 3,776 50 — 114 — 109 


Firm2 Firm2 Firm3 Fim4 Firm4 Fims 
corn soybeans corn 


Firmó Firm? Firms Firm9 Firm9 
corn soybeans corn com soybeans 





4,000 Bushels = 22+ sese<-3eceue nc: covteussavsdswebedwaneeceues 
711 195 246 1,229 170 100 301 240 
783 — O OLII 1024 170 100 88 219 
783 — BIS 11024 170 100 88 219 
783 — BISI 1,024 170 100 88 219 
783 — RISE 102 129 100 43 (261 
783 — 1,151 1,024 129 100 43 261 
611 154 1,151 1024 — 100 43 261 
6il 154 BII DOA — 100 83 261 
611 154 BISL 1,024 — 100 43 261 
548 210 «1,181 11024 — 100 43 261 
539 218 DBIS D04 å — 100 3 261 
538 219 RII 1024 — 100 43 261 
527 219 i51 1,024 — 100 43 261 
311 243 pIi 1,024 — 100 43 261 
224 50 LISI 526 Ž — 100 43 3 
224 500 D151 735 7 — 100 43 — 
224 500 957 > — 100 43 Z 
224 500 136 7353 — 99 43 = 
224 500 136 53 o āë — 99 43 $ 
220 503 136 53 ë — 99 38 E 
52 $03 136 353 å — 99 20 = 





_ the solution only by purchasing all facilities and 
equipment and covering both fixed and vari- 
able costs. Capital costs to Firm A were varied 
from 20 to 0 percent, and the resulting solutions 
(Table 4) revealed the tenacity of existing 
firms and partially explained the relatively slow 
decline in the number of grain plants in Illinois.} 

Comparisons of the micro and market region 
solutions at a 7 percent cost of capital revealed 
the following: the micro solutions (Table 2) 
were more consistent with the results of the 
sunk capital hypothesis (Table 4) than with the 
results of the long-run optimum model; and if 
existing firms ignore returns to invested capi- 
tal, all except Firm 7 can at least survive even 
if Firm A attempts to penetrate the market. 
Given the actual tenacity of the firms in the 
market region, these conclusions imply that the 
results of the sunk capital hypothesis are ap- 
propriate constraints on micro decisions about 
firm adjustments in approaching the long-run 
optimum industry structure. 

Cost of capital (or returns on investment) re- 
quired for Firm A had a significant effect on its 
competitive role in the structural adjustments 
of the region. At returns to capital of 7 percent 
or above, the existing firms maintained their 
relative positions in the market. At 7 percent 
the size of Firm A was responsive to changes in 
the cost of capital, and further interest rate 
reductions increased the volumes handled by 
Firm A although Firm 4 continued to be com- 


1 The number of commercial storage plants in Illinois 
has shown a net decrease of approximately five plants 
per year over the past 10 years despite research results 
indicating an optimum number far less than the 1,478 re- 
ported on January 1, 1971 [12, p. 67]. 


petitive in handling soybeans. Facilities pur- 
chased by Firms 1-9 were insignificant at all 
interest rates. 

Although these changes resulted from lower 
interest rates for Firm A, similar changes could 
be induced by raising fixed costs for the other 
nine firms by a comparable amount. Consider- 
able divergence would be required between 
returns on new and old capital to maintain the 
present market structure status quo. However, 
if a potential new firm, like Firm A, makes the 
judgment that it would not build unless it re- 
ceived a minimum of 15 percent return on in- 
vestment, even Firm 7 could survive. 


Sunk capital hypothesis with merger 


One of the most frequently recommended 
actions in market regions with underdeveloped, 
inefficient firms is the merger of existing firms 
to create an economically viable operation 
[3, 4, p. 1497]. Firm Z represents a merger 
between Firms 1 and 7 in the fourth market 
region model. Revised cost coefficients were de- 
termined using the combined facilities, and the 
two managers were reduced to one. Firm A was 
required to build all facilities at costs of capital 
ranging from 20 to 0 percent. Firms Z, 2, 3, 4, 
5, 6, 8, and 9 started with their existing ca- 
pacities and were permitted to build new facil- 
ities at a 7 percent cost of capital. 

Firm A’s advantage was reduced by the 
merger relative to the solution of the sunk 
capital hypothesis (compare Tables 4 and 5) as 
evidenced by reduced volumes for all different 
capital costs (returns on investment). 

Merger also resulted in advantages for both 
Firms 1 and 7. Firm Z had a net gain in volume 
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Table 5. Volumes handled in the market TERORS solution of the sunk capital hypothesis with a 








merger 
Cost of Firm A FirmZ FirmZ Firm2. Firm2 Firm3 Firm4 Firm4 Firm5 Firm6 Firm’ Firm9 = Firm9 
to Finn A com corn soybeans corn soybeans corn com soybeans corn corn corm corn soybeans 
(Percent) -------- 0 ~~~ == = 2 en nnn en ee nnn ee eee eee 1,000 bushels ---------~------------------- en enn e ene ener e 
20 — 1,199 — `> 164 90 147 612 153 1,151 1,024 100 43 261 
19 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
18 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
17 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
16 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
15 — 1,19 _ 164 90 147 612 153 1,151 1,024 100 43 261 
14 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
13 — 1,199 — 164 90 147 612 153 1,151 1,024 100 43 261 
12 414 784 — 165 %0 147 612 153 1,151 1,024 100 43 261 
11 478 784 — 164 34 147 549 209 1,151 1,024 100 43 261 
10 488 784 — 164 25 147 539 218 1,151 1,024 100 43 261 
9 489 784 _ 164 24 147 538 219 1,151 1,024 100 43 261 
8 515 758 24 164 — 147 538 219 1,151 1,024 100 43 261 
7 516 758 24 163 -~ 147 538 219 1,151 1,024 100 43 261 
6 1,318 757 24 151 — 147 247 480 1,151 1,024 100 43 Å= 
5 1,791 757 24 129 ~_ 147 247 480 1,151 75 100 43 = 
4 1,986 757 24 129 — 147 247 480 957 75 100 43 a 
3 2,845 704 72 114 — 125 300 432 136 75 99 43 _ 
2 2,846 757 24 114 _ 123 247 480 136 75 99 43 kaz 
1 2,846 757 24 114 — 123 247 480 136 75 99 43 _ 
0 3,364 443 304 114 _ 113 53 200 136 75 99 43 ~ 





handled and purchased more drying and storage 
capacity than the sum of purchases by Firms 1 
and 7 when included as separate firms. Al- 
though the merger enabled use of the facilities 
of Firm 7, Firm A still handled the majority 
of the available supply of grain at returns to 
capital of 6 percent and below. However, these 
returns are possibly too low to attract the capi- 
tal necessary to permit a firm like Firm A to 
begin operations. 


Implications 

This study revealed with quantitative evi- 
dence that typical models of the firm must be 
tempered with aggregate constraints. In the 
micro solutions the total volume handled from 
harvest through December exceeded total sup- 
ply in the market region by over 1.4 million 
bushels. Integration of market region con- 
straints into micro decision processes provides 
an improved predictive tool for making inter- 
mediate length-of-run projections about ad- 
justments in the structure of the industry and 
by individual firms. 

Comparisons of the micro results and the 
market region results under the sunk capital 
hypothesis justify the following conclusions 
about individual firms: 

(1) An elevator like Firm A probably will not 
build in the county due to the necessity of 
covering all costs and the potentially low 
returns to investment. 

(2) There are strong economic incentives for a 
merger of Firms 1 and 7, although non- 
economic factors may discourage the ac- 
tion. 


(3) Good management is the key to the sur- 
vival of Firm 2. Firm 2 acting only as a 
merchandiser seems vulnerable to competi- 
tion that could result in reduced corn 
receipts, but the firm may be able to in- 
crease soybean receipts. 

Only Firms 5 and 6 have economic po- 
tential as specialized corn merchandisers 
with volumes above 1 million bushels. 
Under conditions of severe competition 
(e.g., if Firm A were to accept returns of 
5 percent on its investment and Firms 1 and 
7 did not merge), only Firms 1, 3, 4, and 5 
will remain viable units, although the grain 
banking services of Firms 8 and 9 will 
extend their economic life. 


(4) 


(5) 


The market region results also suggest a need 
for change in analyzing the probable structure 
of the country elevator industry and probably 
other industries. Solutions from the sunk 
hypothesis along with merging two of the nine 
existing firms reduced the ability of potential 
Firm A to compete for business in the market 
region except at returns to capital below 7 per- 
cent, a return probably too low to attract a 
new firm to the area. 

Inclusion of competitive techniques and man- 
agerial restrictions in the models adds realism 
to the solutions which in turn enhances the 
recommendations to managers of the firms. 
And importantly, the approach of this study can 
handle the micro-market region conflict of 
recommending expansion to each individual 
firm while recommending contraction to the 
industry as a whole. 
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Econometric Models for Quarterly Shell Egg Prices* 


Sujrr K. Roy anp Paare N. Jonson 


Relationships determining shell egg prices were analyzed by developing models involving a 
simultaneous equation system estimated by using the three-stage least squares method. The 
findings substantiated the postulated relations including the interdependency of the shell egg 
and breaking egg sectors. Price estimates generated from the models appeared acceptable. 


substantial changes in recent years. 

Growing importance of the breaking egg 
sector, increasing commercialization and inte- 
gration of the production and marketing oper- 
ations, and continuing technological improve- 
ments in the production process have produced 
a considerable impact on the price-determining 
process. The objective of the present study was 
to develop econometric models for quarterly 
wholesale shell egg prices to provide a quanti- 
tative analysis of the current market relation- 
ships which determine such prices. The models 
were also designed to predict egg prices for the 
succeeding quarter. 


The Basic Model 


The postulated model contained the follow- 
ing seven equations including two identities and 
five stochastic relations: 


QQ) Q=fPs In T) 

(2) Q=¥.—H.—B, 

(3) Br=f(Pi/Pva, PF v1, SF 1, Bea, T) 
(4) Y.=(L:X E,/100) +12 

(5) Le=f[Les, (Reit Ries), (RestRe1] 


T= U. S. egg industry has undergone 


(6) E=f(Em, T) 
(7) Hi=f(PBii, Prs/Prs, T) 
where 


t=current calendar quarter and (#—1) 
relates to the lagged time period; 

Q=aggregate consumption of shell eggs 
during the quarter derived from the 
identity, equation (2), million dozen; 





* This paper is based on one phase of a research project 
funded by the Commodity Exchange Authority, USDA. 
The authors wish to express appreciation to Professor 
Richard J. Foote for his help and suggestions. Texas Tech 
University, College of Agricultural Sciences Publication 
Number T-1-105. 


Sujir K. Roy fs associate professor of agricultural eco- 
nomics at Texas Tech University, and Puri N. JOHNSON 
is an area economist with the Texas Agricultural Extension 
Service. 


P=simple average of daily wholesale prices 
at Chicago, 80 percent Grade A large 
eggs, during the quarter, cents per 
dozen; 

I = disposable consumer income, seasonally 
adjusted annual rates for the quarter, 
billion dollars; 

T=time variable, where T=1 for 1961, 
T = 2 for 1962, etc.; 

Y=total shell egg production during the 
quarter, million dozen; 

=quantity of eggs used for commercial 

breaking during the quarter, million 
dozen; 

H= quantity of eggs used for hatching dur- ` 
ing the quarter, million dozen; 

E= number of eggs laid per 100 layers dur- 
ing the quarter; 

L=average number of layers on hand dur- 
ing the quarter, million; 

L=number of layers on hand on the first 
day of the quarter, million; , 

PF =average price of frozen whole egg, light 

colored, at New York during the quar- 

ter, cents per pound; 

all frozen eggs in storage on the first day 

of the quarter, million pounds; 

R= number of chicks placed for laying flock 
replacements during the quarter, mil- 
lion; 

PB= average price of U. S. and plant Grade 

A broilers at Chicago during the quar- 
ter, cents per pound; 


SF= 


Consumption of shell eggs, as presented in 
equation (1), is dependent on the price of shell 
eggs and disposable income. The effect of prices 
of competing and complementary products on 
the consumption of shell eggs was assumed to 
be insignificant, this assumption being based on 
the statistical findings of earlier studies [2, pp. 
70-71; 3, pp. 49, 52]. 

Net storage movements, government pur- 
chases, and net exports of shell eggs during the 
period were not allowed for separately in the 
identity, equation (2), since these items com- 
prise only a minor portion of total shell egg 
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supply. For instance, an average of about 2.5 
percent of shell egg supply was accounted for 
by these three items during’ 1961-1969 [5]. 
The amount of eggs broken for commercial 
use, as presented in equation (3), was hypothe- 


sized to be inversely related to current shell egg: 


prices. The carry-over of frozen eggs in storage 
from the preceding quarter, SF,1, may be ex- 
pected to affect inversely the quantity of eggs 
broken during the quarter. Furthermore, de- 
cisions regarding the quantity of shell eggs to be 
broken during the quarter was assumed to 
depend on the knowledge of frozen egg prices 
during the most recent past, i.e., PE 1. 

Production of shell eggs during a given 
quarter, as described in an identity, equation 
(4), is the product of the average number of 
layers on farms, Z,, and the number of eggs per 
layer, £,/100, during the quarter. Division by 
12 is required to convert the number to dozens. 
This identity, in its turn, necessitated the intro- 
duction of equations (5) and (6) which yield 
estimates of L, and E,. The average number of 
layers on farms during the quarter is primarily 
determined by the number of layers on farms 
at the beginning of the period, Lı, the number 
of chicks which enter the laying flock, and the 
number of older hens withdrawn from the flock 
during the quarter. The number of layers on the 
first day of the current quarter, Z., is in fact 
unknown at the beginning of the period. Hence 
L, was substituted by the number of layers at 
the beginning of the preceding quarter, i.e., 
Li, in equation (5). Pullets generally reach 
laying age in about six months and remain pro- 
ductive till the age of 18 months. It was there- 
fore assumed that the number of young hens 
entering the laying flock during the current 
quarter and the preceding quarter. would be 
approximately represented by the number of 
chicks placed for layer replacements two and 
three quarters ago, (Rii+R:3). Similarly, the 
number of older hens leaving the laying flocks 
during the current quarter and the preceding 
quarter may be estimated by the number of 
chick replacements six and seven quarters ago, 
(RestRe1). 

Layer productivity has consistently increased 
during the past several years; hence the number 
of eggs per layer, E, in equation (6) was ex- 
pressed as a function of time. The lagged value 
of the variable, Em1, was also included to repre- 
sent the most recent level of layer productivity. 

Quantity of eggs used for hatching, H., de- 
pends primarily on the cost-return relationships 
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in the shell egg and broiler industries. It was 
initially assumed that the egg~feed price ratio 
and the broiler—feed price ratio for the preced- 
ing quarter would serve as prime indicators of 
such return~cost relationships. However, least 
squares estimates of equations involving lagged 
values of egg-feed and broiler-feed price 
ratios produced inconsistent and insignificant 
coefficients for these variables in relation 
to hatching activities. This necessitated the 
present formulation of the function, as pre- 
sented in equation (7) in which lagged egg prices 
and broiler prices as such are the major ex- 
planatory variables. No attempt was made to 
develop a complete structural specification for 
the hatching egg sector which by itself may in- 
volve one or more multi-equation models of 
supply and demand. The equation for hatching 
egg quantity was introduced into the model for 
the sole purpose of estimating this quantity 
during the quarter. 


Statistical Procedures and Results 


The stochastic relations, equations (1) and 
(3), and the identity, equation (2), comprise a 
simultaneous equation system including three 
endogenous variables, Qs, Pa, and B,. Equations 
(4), (5), (6), and (7) were considered as inde- 
pendent of the simultaneous equation system. 
Consequently two basic variables, F; and H, 
were postulated as predetermined variables 
relative to the simultaneous equation system. 
The latter four equations were introduced to 
develop the model as a closed system for pre- 
diction of prices one quarter ahead. Direct least 
squares estimates were obtained for equations 
(5), (6), and (7), since these are independent 
equations in the model and each involves only a 
single dependent variable. The stochastic rela- 
tions in the simultaneous equation system, i.e., 
equations (1) and (3), were estimated by use of 
the three-stage least squares method. 

Data for the 9-year period 1961-1969 were 
used to estimate structural relations in the 
models. Data on daily wholesale prices of shell 
eggs, reported by the USDA [4], were obtained 
from [1]. The disposable consumer income 
series is published by [7]. Time-series data for 
all other variables in the models were obtained 
from '[5, 6]. l 

A separate model was developed for each of 
the four calendar quarters to allow for seasonal 
characteristics of quarterly data. The price of 
shell eggs, Pa, was treated as the dependent 
variable in the first-round equations subse- 
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quently used to develop the three-stage least 
squares estimates of equations (1) and (3). 
Statistical estimates of the five stochastic rela- 
tions in the model for each quarter are pre- 
sented in Tables 1, 2, 3, 4, and 5. 

Results of the consumption—price equation 
(1), Table 1, indicate that the signs of the coeffi- 
cients are consistent with the expected causal 
relations. The hypothesized relations in the 
breaking egg use equation (3) have been sub- 
stantiated by the results presented in Table 2. 
Most of the coefficients were also significantly 
different from zero at the 5 or 10 percent signifi- 
cance level. Inconsistency of signs and statisti- 
cal insignificance led to the exclusion of one or 
two variables from the equations for the first 
and third quarters. The postulated inverse 
relation between the shell egg price ratio, 
P./P.1, and eggs used for breaking, B, has 
been confirmed by the results. Furthermore, the 
related parameters for each quarter except the 
third are highly significant. An important as- 
pect of the results of equations (1) and (3) is the 
confirmation of the postulated relation between 
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Table 1. Three-stage least squares equa- 
tions for consumption of shell egg, 
Qn equation (1) 
Genie Constant _ Regression coefficients of 
term P, I Log T" 
I 4133 —3.575 8111 —1770 
(1.201) (.2918) (1445) 
Hn —2247 —3.998 1642 1897 
(.9235) C 2131) (1073) 
m —108.4  —2.432  .3949 636 
(.6585) (.2351) (1201) 
Iv 635.6 —2.319 .2314 1001 
(.7323) (.3511) (781) 
= T’ represents time where T’=61, 62, . 


b Numbers in parentheses are the ’standard errors of re- 
gression coefficients. 


the shell egg and breaking egg sectors. Simul- 
taneity in the determination of net supply of 
shell eggs, Q, eggs used for breaking, B, and 
shell egg price, Pa, as evidenced in the present 
study, ought to be recognized in any realistic 


Table 2. Three-stage least squares equations for eggs used for breaking, B., equation (3) 





Regression coefficients of 
SFr Bix T 

si .8985 —3.133 

(.1072) (1.042) 

— .0269 -3101 —6.797 

(1591) (.1079) (. 742) 

— .5139 7.530 
(2194) ( 1.664) 

— .4904 .3339 4.229 
( .1225) (.1689) (1.391) 











Quarter Constant term 
Po/Pis PFia 
I 232.9 —167.4 — 9902 
(18.9) (.5175) 
rt 439.1 —205.0 —2.679 
(31.2) (.961) 
54.5 — 55.05 — 
(51.41) 
IV 151.6 — 80.44 = 
(20.20) 
Table 3. 


Ordinary least squares equations for average number of layers L,*, equation (5) 





Regression coefficients of 











Quarter Constant Term R? SEE® 
Lt (Regt Ri)" (Ris +Rr-2)* 

I 1164 1.092 .0299 — .1832 934 .00377 
(.155) (.0789) (.0917) 

It .6092 ` .6806 .0983 — .0146 .970 00299 
_ (1265) (.0289) (.0215) 

— .2829 1.062 .0902 — .0346 .962 00339 
(.374) (.0783) (.0810) 

IV ~ 2357 .9341 .2347 — .0473 974 .00208 
(.0798) (0309) (.0263) 








* Expressed in logarithms of actual values. 
b Standard error of estimate. 
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Table 4. Ordinary least squares equations 
for the number of eggs per 100 lay- 
ers, E^, equation (6) 


Constant Regression coefficients of 





Quarter Term he T R SEE 

I 8464 -7793 —.00197 741 00608 
(.2939) (100186) 

H “4.729 5459 — .00128 589 - 00409 
(. 1864) (.00070) 

mi 0286 9956 - 00342 999 -00035 
(.0225) {.00005) 

IV ~- 6197 1.162 -00056 976 -00259 
(.166) (.00067) 





£ Expressed in logarithms of actual values. 


study of the supply and demand structure of 
the egg industry. 

Comparable estimates of equations (1) and 
(3) were also obtained with all variables relating 
to quantity and income expressed in per capita 
terms. These alternative equations in some 
cases yielded coefficients with signs contrary to 
economic logic. Furthermore, calculated prices 
developed from these equations for each quarter 
were considerably less accurate than those 
derived from the equations presented here. 

The ordinary least squares estimates of the 
logarithmic equations for the average number 
of layers on farm, L., equation (5), as presented 
in Table 3, yielded superior results in terms of 
‘statistical tests as well as predictive accuracy 
over similar equations formulated in linear 
terms. The two lagged replacement variables, 
(Re+ Ris) and (R:6+R._7), representing the 
addition of new layers and withdrawal of older 
hens respectively, have generated signs which 
are consistent with the hypotheses. The ordi- 
nary least squares equations for layer produc- 
tivity, E, equation (6), Table 4, yielded better 
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results, especially in terms of prediction, for the 
last two quarters than those for the first two. 
Layer productivity of the preceding quarter, 
E._1, appeared to be the main predictor in all 
cases, 

The lagged prices of shell eggs and/or broil- 
ers, Pe-1/ Pis and/or PB respectively, in the 
final formulation of equation (7) as presented in 
Table 5 yielded relations which are consistent 
with the initial specifications. The hatching egg 
use equation (7) in the present model is likely 
an oversimplified formulation. Yet the three 
explanatory variables have performed ade- 
quately in explaining variations in the de- 
pendent variable, especially for the last three 
quarters of the calendar year. 

An equation for net storage movements of 
shell eggs was included in the simultaneous 
equation system in an initial formulation. But 
inconsistent signs and statistical insignificance 
of the coefficients, and large prediction errors 
led to its omission from the model. Apparently 
storage of shell eggs in recent years has lost its 
significance in the price determination process 
in the shell egg sector. 

Price forecasts were developed for all quarters 
within the sample period from the reduced form 
price equations which were algebraically de- 
rived from the simultaneous equation system, 
equations (1), (2), and (3). Predicted values of 
Y, and H; based on equations (4), (5), (6), and 
(7) were used in the reduced form price equa- 
tions to obtain price estimates. The model for 
the second quarter yielded the most accurate 
forecasts, while the model for the fourth quarter 
produced the largest overall magnitude of pre- 
diction errors. Alternative estimates of equa- 
tions (1) and (3) were also obtained by use of 
the two-stage least squares method. Price fore- 


Table 5. Ordinary least squares equations for the number of eggs used for hatching, H, 














equation (7) 
Regression coefficients of 
Quarter - Constant term R SEE 
PBa Pia/Pis T 

I 76.83 — 10.097 1.208 .669 3.418 
(4.168) (.443) 

I 39.20 1.359 2.976 2.716 960 1.969 
(.706) (3.498) (.266) 

m 17.73 1.522 — 3.326 .971 2.282 
(.689) (.454) 

IV 29.57 1.032 3.088 3.411 967 2.717 
(.682) (5.497) (.575) 
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casts based on these equations were generally 
less accurate than the forecasts obtained from 
the three-stage least squares equations. 


Summary and Conclusions 


Results of the seven—-equation quarterly 
models for wholesale shell egg prices indicated 
that all estimated relations were consistent with 
economic or logical expectations. Price fore- 
casts developed from the models appeared to be 
satisfactory, especially for the first three quar- 
ters of the calendar year. Methodologically, 
price forecasts based on three-stage least 
squares equations were more accurate than 
those developed from the corresponding two-— 
stage least squares equations. 

A basic feature of the present study is the 
postulated interdependency of the breaking egg 
and shell egg sectors in the price-determining 
process. The foregoing results seem sufficiently 
to have confirmed the premise. The relation 
between these two sectors was essentially 
excluded from the models of earlier studies 
[2, 3] because of the relative insignificance of 
the breaking egg sector. But with the growth 
of egg breaking activities due to an increased 
aggregate as well as per capita demand for 
processed eggs in recent years, the interrela- 
tions between these two sectors must be taken 
into account in any meaningful analysis and 
future price-stabilizing policy decisions relating 
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to the shell egg sector. The study also bears 
out the fact that the storage movement of shell 
eggs has lost its important role of earlier 
decades in the price-determining process. Ap- 
parently the growth of the breaking egg sector, 
in conjunction with reduced seasonality in egg 
production and the emphasis by modern chain 
stores on the sale of strictly fresh eggs, has been 
primarily responsible for the insignificant effect 
of shell egg storage activities on prices of fresh 
eggs. 

Another important change, which has be- 
come apparent since the last half of 1971, is the 
impact of Marek’s disease vaccine on the pro- 
duction process through increased rate of lay 
and reduced mortality rate of both layers and 
replacements. When the effect of the vaccine is 
fully realized and the process of adjustment 
stabilizes in the sector, a reestimation of the 
equations used in this study to predict produc- 
tion may be necessary. 

The absence of appropriate and complete 
time-series data on variables such as culling 
rates and prices paid for eggs used for breaking 
prohibited the inclusion of such relevant vari- 
ables in the models. Once a sufficiently long 
series is developed, the addition of these factors 
to the model might improve the results. It will . 
also be desirable to reestimate the model 
periodically to take into account changes in the 
structural parameters and to maintain ac- 
curacy of prediction. 
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Efficiency Considerations in Butterfat Differential 
and Component Pricing of Milk 


Ropert E. Jacosson AND Francis E. WALKER 


Producer prices for milk generally reflect only differences in butterfat content as an explicit 
measure of value. This paper demonstrates that such a pricing system results in inequitable 
payments to producers. A component pricing approach that includes component values is then 


suggested. 


NTEREST in multiple component pricing has 

increased substantially in recent years. A 

key factor in this interest is that the feasi- 
bility, cost, and accuracy of milk protein or 
SNF testing now enable multiple component 
pricing to be implemented operationally with 
full confidence [3, pp. 14-17].1 At the same 
time, consumer demand, with its emphasis on 
fewer calories, more protein, and less animal 
fats, has focused greater attention in the dairy 
industry on the nonfat component of milk. In 
fluid milk markets, for example, per capita 
consumption of low-fat or skim milk nearly 
doubled from 1965 to 1971 while per capita 
consumption of whole milk was dropping by 
15.5 percent [4]. 

Class prices and producer prices for milk are 
generally established on a hundredweight basis 
with adjustments for butterfat content. The 
implicit assumption in this procedure is that the 
butterfat differential also rewards other com- 
ponents of milk since there is a positive average 
relationship between butterfat content and 
solids-not~fat content. The two purposes of this 
discussion are to evaluate the validity of the as- 
sumption that butterfat differentials compen- 
sate other components and to suggest a com- 
ponent pricing approach that does, in fact, 
efficiently value both the butterfat and solids- 
non-fat in milk if the butterfat differential does 
not adequately resolve the problem. 

Inequities in Butterfat Differential Pricing 

Various studies have substantiated the rela- 
tionship between butterfat and solids—not—fat 
in producer milk. The Jack relationship [2, p.5] 
typifies such studies and estimates the follow- 
ing function: 

1 Johnson and Christensen [3] conclude, “The extra cost 
to measure SNF and protein are reasonable. The issue of 
whether or not to pay by components should be decided by 


the economic factors involved, not the testing method.” 
We support this conclusion. i 
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SNF = 7.07 + 0.444 BF 


where SNF and BF are measured in percent. 

This relationship. indicates that, of a given 
increment in total solids in milk, about 70 per- 
cent will be butterfat and 30 percent will be 
solids-not-fat. It is assumed that the butterfat 
differential rewards the total increment. 

Based on the Jack study, the standard error 
of the regression line is 0.36.2 Therefore, at a 
butterfat test of 3.5 percent, 68 percent of milk 
samples would reflect a SNF test in the range 
of 8.27 to 8.99 percent. This range appears to 
be excessive because of the fact that, for a given 
fat test, the butterfat differential fails to adjust 
producer payments for the SNF differences and 
fails to charge processors for the SNF differ- 
ences. _ 

Milk from an individual herd is composed of 
the joint products, SNF and butterfat, pro- 
duced in a fairly precise relationship. Variations 
in this relationship do exist among herds within 
breeds and among breeds. Line M of Figure 1 
represents the combinations of BF and SNF in 
milk which is average with respect to the 
SNF-BF ratio. A producer whose herd pro- 
duces relatively greater amounts of SNF in 
relation to BF would be represented by a point 
on line My. Similarly, line Mz represents the 
BF-SNF combinations of a herd with relatively 
low SNF content 

Under the butterfat differential payment 
method, individual producers receive the true 
value of the milk they produce only if that milk 
has the “average” ratio of SNF to BP, i.e., 
only if it has the characteristics associated with 
line M. Line R; represents an iso—-revenue curve 
faced by the producer under this pricing method. 


2 The standard error of the regression line increases, but 
only slightly, as butterfat content moves away from the 
mean. 

3 Note that this line, if extended, would have a positive 
intercept. It really prescribes a rather exact relation be- 
tween BF and SNF over the component range commonly 
found in milk. 

1 Several studies have documented the existence of these 
differences, e.g., [5]. 
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Output and revenue relationships of butter- 
fat and solids-not-fat at differing price and 
composition value ratios 


Figure 1. 


Since only butterfat differentials are recognized 
and rewarded, R: is a vertical line. Conceptu- 
ally, its slope is the negative ratio of the price 
of butterfat (Psp) to the price of SNF (Psypr); 
however, since it is vertical, Psy» must be zero, 
or more appropriately, the weight given to 
Psyr is zero. From R; it is seen for a constant 
fat content that a producer on My receives 
nothing additional for the SNF he produces 
above the amount produced by a producer on 
line M. Similarly, the producer on My, receives 
the same revenue even though he produces less 
SNF. This is the producer—producer inequity 
generated by the butterfat differential method 


of pricing. 
Since Psyr should receive a positive weight, 
the iso-revenue curve (R) with slope, 


—Pr/Pswr, is the one which should be re- 
flected to the producer by the pricing mecha- 
nism. For the producer on line M, output P 
yields the same revenue under either pricing 
method. But for the high SNF herd, an equiva- 
lent revenue is obtained with lower output of 
butterfat. The low SNF herd must produce 
‘more BF (more milk) to achieve the same 
revenue level. In summary, to the extent that 


milk from different herds has different ratios , 


of SNF to BF, butterfat differential pricing 
produces inequities in payments to producers. 
The failure of butterfat differentials to com- 
pensate SN F differences equitably can be evalu- 
ated by reviewing milk pricing procedures. 
Given a blend price and a butterfat differential, 
fat-skim accounting procedures establish fixed 
values for butterfat and skim milk. The skim 
milk price is then used to place a value upon 


COMPONENT PRICING OF Murk / 2:15 
SNF, based on an accepted average SNF con- 
tent per 100 pounds of milk. Since any such 
imputation of values can be done only on an 
average SNF content basis, it is observed that 
present procedures value SNF higher per unit 
in low testing as compared to high testing milk 
fat dairy herds. 

In addition, given the normal butterfat SNF 
relationship, the traditional butterfat differen- 
tial cannot contain the respective values of 
butterfat and SNF. Within the butterfat dif- 
ferential, the relative value contributions of 
butterfat and SNF must appear as follows: 


AQsr(Par) 
AQsr(Par) + AQsvr(Pswr) 


The SNF value contribution is calculated 





BF Value = 


` similarly, or it might be determined by sub- 


tracting the BF value from the butterfat dif- 
ferential. The premise that the BF differential 
rewards both the BF and SNF necessarily re- 
duces the predetermined values of BF and SNF. 
Loss in value is due to two components being’ 
forced into the space, i.e., butterfat differential, 
formerly occupied by one component. The 
increment of butterfat finds itself sharing the 
butterfat differential with the increment of 
SNF. Where the value of butterfat had been 
equal to the value of the butterfat differential 
plus value of skim milk replaced, it now be- 
comes equal to the butterfat differential minus 
the SNF value plus value of skim milk re- 
placed. Therefore a fundamental inconsistency 
exists between the premise that BF differentia! 
efficiently compensates the total solids incre- 
ment in milk, and the ability of the preassigned 
values of BF and SNF (or skim milk) to reward 
both components. 


A Suggested Pricing Plan 


What is an equitable plan of paying a pro- 
ducer for his milk? One essential element is that 
both BF and SNF be explicitly recognized. 

Define the third component (W) to be the 
fluid in the milk, such that 


(1) BF + SNF + W = 100; 
that is, that these three components become the 
product, milk. Individual producer price per 


hundredweight (Par) for milk of any test then 
could be determined as, 


Pu = Pg + Par(F — 3.5) 
+ Pgyr(SNF — 8.63) 
+ Py(W — 87.87), 


(2) 
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where Pz is the (blend) price for milk which 
contains 3.5 percent butterfat, 8.63 percent 
SNF, and the remainder (87.87 percent) in 
fluid.’ In this formula differential payments are 
explicitly included for BF, SNF, and W. Note 
that with the assumption of positive prices and 
due to the restriction imposed by (1), all three 
differential effects cannot be positive (negative). 

For commonly used butterfat differential 
pricing, the SNF and W differentials do not 
appear explicitly but are incorporated in the 
blend price. (Ps) in a manner which treats all 
milk as if it had the same content of SNF and 
of W. This is reflected in the vertical iso- 
revenue curve in Figure 1. 

Changes in Psr and Pgyy and differences in 
amount of BF and SNF between herds are 
explicitly adjusted in determining the price 
(Py) received by the individual producer. This 
allows the iso-revenue curve to take the form, 
R, (see Fig. 1). The presence of curve, Re, does 
not argue that producers will, or even should, 
attempt to change the characteristics of their 
herd through selection as Par and Pswr change. 
Milk processors efficiently take the milk as pro- 
duced and transform it to the products with the 
desired BF-SNF content. It does show the need 
for considering component prices in paying the 
producer for what he produces. 

Fluid content (W) and Pw also appear in a 
` differential in this formula. The California plan 
is the only one which utilizes this fluid differen- 
tial [1, pp. 22-28]. W is uniquely determined 
for SNF and BF by (1). Pw is determined as a 
residual price after the value of butterfat and 
SNF have been determined and subtracted from 


5 The component content of the standard milk repre- 
sented by the announced blend price is arbitrary. Different 
component contents for BF and SNF would be equally 
valid. 
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the total value of the milk. Basically there is no 
market mechanism for determining the value 
of the fluid in milk. From (2) and (1): 


Pu = Pg + Par(BF — 3.5) 
+ Pswr(SNF — 8.63) 
+ Pw(100 — BF — SNF — 87.87) 
= Pp + (Par — Py)(BF — 3.5) 
+ (Pswr — Pw)(SNF — 8.63). 


Thus changes in Pw are incorporated with Par 
in determining the effect of the butterfat dif- 
ferential and with Psyr in determining the 
effect of the SNF differential. Consequently, 
the iso-revenue function (R+) reflected to the 
individual producer should appropriately have 
the slope, —(Psr—Pw)/(Psyr—Pw), if Pw is 
computed. If Pw is not computed, the slope is 
—Ppr/Psnr. In either case, the iso-revenue 
curve has a negative slope and rewards the 
producer for production of SNF as well as 
butterfat. 


Conclusion 


Historically, the butterfat differential has 
been defended and has been criticized for the 
way in which it rewards SNF variation. Clearly 
a substantial basis now exists for criticizing the 
butterfat differential for failing to distribute 
equitably pool monies for variations in SNF. 
Support for the move to multiple component 
pricing is strengthened by the increasing value 
of nonfat dry milk (or SNF) relative to butter 
(or butterfat) in fluid and manufactured dairy 
product markets. Implementation of the BF, 
SNF (or protein), and water pricing plan as 
specified would largely resolve the equity prob- 
lem in producer payments. The question of 
what values to assign to the respective com- 
ponents is another matter. 
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Milk Demand, Supply, and Price Relationships, 1950-1968 * 
ANTHONY A. Prato 


Demand, supply, and price relationships in the dairy sector were measured for the 1930-1968 
period by two-stage least squares. Actual cow numbers adjusted more quickly to desired levels 
than production per cow. Own price elasticities of milk supply and consumer demands for fluid 
and manufactured milk were not statistically significant. 


for milk have been estimated from 

multiequation models by Rojko [7] 
and Wilson and Thompson [21]. Rojko [7] ap- 
plied ordinary least squares and limited in- 
formation maximum likelihood methods to 
three models of the demand and price structure 
for dairy products. Milk production was as- 
sumed to be predetermined, and no attempt 
was made to measure supply relationships for 
producers. Wilson and Thompson [21] esti- 
mated a dairy sector model that included equa- 
tions for milk supply (i.e:, cow numbers, yield, 
and butterfat content of milk), farm—retail 
margins for milk, and consumer demands for 
fluid milk, and milkfat and solids—not—fat in 
manufactured dairy products. Their equations 
were estimated from annual data (1947-1963) by 
two-stage least squares and, when appropriate, 
ordinary least squares. Long-run price elastic- 
ities of milk supply were measured by summing 
the cow numbers and yield elasticities, the 
latter computed with respect to blend price 
averaged over the previous three years. Halvor- 
son [3, 4] also estimated short-run and long- 
run milk supply elasticities based on a distri- 
buted lag model. 

This paper attempts to measure demand, 
supply, and price relationships in the U. S. 
dairy sector for the period 1950-1968. The 
specified simultaneous equations model con- 
tains relationships for farm supply of milk, 
farm price received for milk used in manu- 
factured dairy products, consumer demands for 
fluid milk products, and milkfat and solids—not— 
fat in manufactured dairy products, and retail 
prices of fluid milk, milkfat, and solids—not-fat. 
All equations were fitted by two-stage least 
squares using 1950-1968 data. The model at- 
tempts to account for possible differences in 
short-run and long-run demand and supply 
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elasticities by means of the partial adjustmen- 
hypothesis [2, 6]. 


Model Specification 
Farm-level relationships 


Cow numbers (C), yield per cow (FY), and 
milk production (MP) equations are: 


(= PE Ww 
C = Ss ee pa. 
PR PR PR 


(1) 3 
ci- 1,2) 
(22 PE 
(2) -NPR pr’? 
BA{t — 3], ¥[: — 11) 
(3) MP=C-Y 
where: 


C= average number of milk cows on farms, 
thousands [10, 11, 17], 

Y=average production of milk per cow 
(yield), pounds [10, 11, 17], 

MP=total milk production, 

PB=average wholesale (blend) price re- 
ceived by farmers for milk, dollars per 
hundredweight [8, 10, 11], 

PR= index of prices received by farmers for 
all commodities, 1957-1959= 100 [8], 

PE=index of the value per 100 pounds of 
concentrate rations fed to milk cows on 
farms, 1957-1959= 100 [10, 11, 12], 

W =average monthly wages paid to farm 
labor, dollars [8], 

PC= average price of canners and cutters at 
Chicago, dollars per hundredweight 
[13, 14, 15], 

BA = cows bred artificially as a percentage of 
all cows kept for milk [8, 10, 11]. 


The price of feed (PE) and farm wages (W) 
deflated by the index of prices received by 
farmers (PR) are included in the cow numbers 
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equation to reflect cost of maintaining cows.! 
Farm wages are not deeméd to be an important 
determinant of yield. Yield per cow is included 
in the cow numbers equation and cow numbers 
in the yield equation because of the inter- 
dependence of decisions relating to cow num- 


bers and yield. The deflated price of canners . 


and cutters (PC/PR) is used in the cow num- 
bers relation to account for possible marketing 
of dairy cattle as beef during periods of favor- 
able beef prices. 

Increases in yield per cow to a great extent 
have been associated with improvements in 
breeding stock and particularly the increased 
use of artificial insemination. The number of 
cows bred artificially in a given year is likely 
to have its greatest (positive) effect on yield 
about three years later when the offspring of 
artificially bred cows freshen. Hence, the per- 
centage of milk cows bred artificially, lagged 
three years, is used to explain yield per cow. 

Since the determination of cow numbers and 
yield is formulated using the partial adjustment 
hypothesis [2, 6], one—period lagged cow num- 
bers and yield enter the cow numbers and yield 
equations, respectively.? With this hypothesis, 
actual cow numbers and yield can deviate from 
their desired levels due to technical, economic, 
and other constraints not accounted for in the 
cow numbers and yield equations. In particular, 
changes in actual cow numbers and yield are 
proportional to the difference between actual 
and desired levels.? The factor of proportional- 
ity, or so-called adjustment coefficient, mea- 
sures the rapidity with which actual levels 
converge to desired levels. 

Farm price for milk used in fluid products 
(PF) is determined by the model. Farm price of 
manufactured milk (PM) and quantity of milk 


1 Tt is recognized that farm wages may be an important 
determinant of the number and size of farms and to a 
lesser extent the number of cows. However, the model does 
not attempt to explain number and size of dairy farms. 
Moreover, the price of labor is an important component 
of the costs of producing milk, and increases in farm wages 
may induce farmers to reduce the number of cows in an 
effort to lower production costs. 

3 To avoid high multicollinearity, lagged yield and lagged 
cow numbers were excluded from the cow numbers and yield 
equations, respectivelv. 

2 More specifically, y*=a:'6+tn and y—yu=y* 
—¥11)-++ue, where y;* is the desired level, yı is the actual 
level, x; is a vector of explanatory variables, 8 is a vec- 
tor of unknown parameters, y is the adjustment coef- 
ficient (0<7<1), and #, and ti: are stochastic disturbance 
terms. After substitution, y.=%;/8y-+ (1—y)y:-1+2, where 
D= ynt un. If E(sa)=0, (ts), then v: and ymi are 
uncorrelated. 
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processed into manufactured dairy products 
(QM) are specified by: 


(4) PM = PM(QM, MS) 
(5) QM = QD + QU 
where: l 


PM = average price received by farmers for 

manufacturing grade milk, dollars per 
_ hundredweight [8, 10, 11], 

QM = quantity of milk processed into manu- 
factured dairy products, millions of 
pounds [10, 11, 18], 

MS = average support price for manufac- 
hit milk, dollars per hundredweight 

11], 

QD= quantity consumed of milk solids—not— 
fat in manufactured dairy products, 
total civilian and military disappear- 
ance, millions of pounds,‘ 

QU = quantity consumed of milkfat in manu- 
factured dairy products, total civilian 
and military disappearance, millions of 
pounds.§ 


Since the farm price of manufactured milk can 
reflect relative changes in raw milk supply and 
consumer demand for manufactured dairy prod- 
ucts, the coefficient of QM could be positive or 
negative. However, farm manufactured price is 
expected to be positively related to the manu- 
factured support price. Equation (5) states the 
equilibrium condition that quantity of milk 
processed into manufactured dairy products 
(QM) equals the quantity consumed (QD+0QU). 
The deflated blend price received by farmers 
is defined by: , 


PB 
PR 


_ QL:-PF+QM-PM 1 


(6) 
QL+QM PR 





‘Data on this variable were derived as follows: QD 
= total disappearance of solids-not-fat [9, 10, 11], minus 
disappearance of solids-not-fat in fluid milk and cream 
consumed off farms [9, 11] minus estimated disappearance 
of solids-not-fat in fluid milk and cream consumed on 
farms. The last term was obtained by multiplying the 
percentage of solids-not-fat in fluid milk and cream con- 
sumed off farms by the quantity of fluid milk and cream 
consumed on farms. 

5 Data on this variable were derived as follows: QU 
=total disappearance of milkfat [9, 10, 11] minus disap- 
pearance of milkfat in fluid milk and cream consumed off 
farms [9, 11] minus estimated disappearance of milkfat in 
fluid milk and cream consumed on farms. The last term was 
obtained by multiplying the percentage of milkfat in fluid 
milk and cream consumed off farms by the quantity of fluid 
milk and cream consumed on farms. 
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Retail-level relationships 


Consumer demand equations for fluid milk, 
and milkfat and solids—not—fat in manufactured 
dairy products are, respectively:® 


OL/N = D,(PL/CP, IB/CP, 


(7) 
[OL/N] t-l; T) 
(8) QU/N = D{PU/CP, PD/CP, 
PO/CP, [QU/N]~ T) 
(0) QD/N = DX PD/CP, PU/CP, 
[QD/N].-1,T) 
where: 


QL= quantity consumed of milk and cream, 
total civilian and military disappear- 
ance, millions of pounds [9, 10, 11], 

PL=average retail price of fluid milk, cents 

per pound [9, 10, 11], 

average retail price of milkfat, cents 

per pound,’ 

PD= average retail price of solids-not—fat in 
manufactured dairy products, cents per 
pound,® 

IB=index of retail prices of beverages, 
1957-1959 = 100 [16], 

PO=average retail price of colored oleo- 
margarine, cents per pound [9, 10, 11], 

CP = consumer price index, all commodities, 
1957-1959 = 100 [16], 

N=population, millions [19], 
T= time (coded: 1, 2, , 19). 


Per capita consumption of fluid milk (QL/N) 
depends on the real price of fluid milk (PL/CP), 
the real price of substitute beverages (IB/CP), 
lagged per capita consumption (QZ/N).1, and 


PU= 


6 Deflated retail prices are defined in terms of actual re- 
tail prices as follows: PL/CP=PL(i1/CP), PU/CP 
= PU(1/CP), PD/CP=PD(1/CP). 

7 Data on this variable were derived as follows: PU 
== (0.803-retail price of butter [9, 10, 11]+0.323-retail 
price of cheese [9, 10, 11])~+1.126, where all prices are 
expressed in dollars per pound. The coefficient of each price 
represents the proportion of milkfat in one pound of that 
product. Lack of a comparable retail price series for ice 
cream during the 1950-1968 period prevented its inclusion 
in the formula. The author recognizes that this formula 
only approximates the retail price of milkfat. 

* Data on this variable were derived as follows: PD 
= (0.308-retail price of cheese [9, 10, 11]+-0.962-whole- 
sale price of nonfat dry milk [9, 10, 11 ]+0.180- retail price 
of evaporated milk [9, 10, 11])-+ 1.450, where all prices are 
expressed in dollars per pound. The coefficient of each price 
represents the proportion of milk solids-not-fat in one 
pound of that product. The author recognizes that this 
formula only approximates the retail price of solids-not- 
fat. 


MILK DEMAND AND SUPPLY f (om “249%. 
N ams 
time. (T). In the solids-not-fat a fill ays 
demand equations, per capita natn de: 
pends on the deflated retail prices “ef solids~ Š 
not-fat and milkfat, lagged per capita., con-* 
sumption and time. Consumption i is expresse 
in per capita terms and prices in real terms to 
account respectively for changes in population 
and the general price level. Time is included 
in all three demand equations as a proxy for 
changes in consumer tastes and preferences.’ 
The partial adjustment hypothesis was used 
in the consumer demand equations to account 
for consumer delays in adjusting actual con- 
sumption to desired consumption. Such delays 
often result from habit persistence, imperfect 
market information, and other factors. Use of 
the partial adjustment hypothesis accounts for 
the inclusion of lagged per capita consumption ° 
in the demand equations. 
Actual retail prices are determined by the 
following farm—retail margin equation: 


(10) PL = PL(PF, IC) 
(11) PU = PU(PM, IC) 
(12) PD = PD(PM, IC) 
where: 


PF=average price received by farmers for 
fluid grade milk, dollars per hundred- 
weight [8, 10, 11], 

IC =index of compensation per man hour in 
manufacturing industries [20]. 


The index of compensation is included to reflect 
costs of processing and distributing dairy prod- 
ucts. To ensure that the model defines an 
equilibrium system, the following production- 
consumption condition is required:!° 


(13) = QL + QM. 


Method of Estimation 


The above model is complete and contains 18 
endogenous and 16 exogenous variables (Table 


°? Income was excluded from the demand equations be- 
cause it was felt that meaningful estimates of income ef- 
fects could not be obtained from time series data. Often, 
income effects derived from time series data are inaccurate 
because the income effect becomes confounded with effects 
of other factors that vary over time such as tastes and 
preferences. If time and income are included in the same 
equation, due to high multicollinearity it is usually not 
possible to estimate accurately their separate effects on 
consumption. 

10 QL and QM are defined in terms of per capita con- 
sumption as follows: QL=(QL/N)N, QM=(QD/N 
+QU/N)N. ` 
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Table 1. Endogenous and exogenous vari- 








ables 
Endogenous Exogenous 

QL/N PD/CP IB/CP QD/NG—1) 

L PD OL/NG—1) MS 
PL/CP PM T PE/PR 
PL OM IC W/PR 
PF PB/PR N C@—1) 

U/N MP CP PC/PR 

U/CP C PO/CP BA (t—3) 
PU QU/NG—1) Y(—1) 
QD/N QD+QU 


1). Application of two-stage least squares to 
the stochastic equations of the model presents a 
problem because a closed reduced form cannot 
be obtained. This occurs because the structural 
equations contain regressors, e.g., blend price, 
that are nonlinear functions of certain endoge- 
nous variables. However, Kelejian [5] has 
shown that consistent two-stage least squares 
estimates can be derived by approximating the 
reduced form equations by a polynomial in all 
exogenous variables. Due to the limited number 
of observations (19), all reduced form equations 
were estimated using only linear terms (first 
degree polynomial) in the exogenous variables. 
All functional relationships were specified to be 
linear in the variables since this form yields a 
more direct estimate of the adjustment co- 
efficient.! 


Results 


Table 2 contains the coefficients, ¢-ratios, and 
elasticities or flexibilities for the nine stochastic 
equations of the model. Equations (3), (5), (6), 
and (13) were not estimated because they were 
definitions. Since all coefficients were estimated 
by two-stage least squares, the t-test is only 
asymptotically valid. Coefficients of multiple 
determination (R?) are not reported. For equa- 
tions fitted by a simultaneous equations 
method, R? can be negative and generally has a 
range of [~ æ, 1] instead of the [0, 1] range 
that obtains with single equation methods [1]. 

Equation (1) indicates that cow numbers are 
inversely related to yield and the price of can- 
ners and cutters. None of the remaining co- 
efficients of this equation are significantly dif- 
ferent from zero at the 5 percent level. Elas- 
ticities indicate that cow numbers are most re- 
sponsive to yield followed by lagged cow num- 


bers and canner—cutter price. The cow numbers . 


1 Jn the linear form the adjustment coefficient i ig mea- 


sured by one minus the coefficient of the lagged regrétsand. 


E; 
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adjustment coefficient 0.823 (estimated by one 
minus the coefficient of lagged cow numbers) 
implies that actual cow numbers adjust quite 
rapidly to desired cow numbers—a value of one 
indicates complete adjustment in one year., ` 
Equation (2) indicates that yield per cow is 
directly related to percentage of cows bred 
artificially and to lagged yield. Remaining co- 
efficients are not statistically different from 
zero at the 5 percent level. The 0.326 adjust- 
ment coefficient for yield suggests a relatively 
slow rate of adjustment between actual and 


. desired yield. Since the yield adjustment co- 


efficient is less than half the cow numbers 
adjustment coefficient, actual cow numbers ad- 
just more quickly to desired levels than yield 
per cow. This result is not too surprising. Dur- 
ing the 1950-1968 period cow numbers de- 
clined steadily as less efficient producers de- 
creased in number and yield increased rather 
slowly due to the lags between yield response 
and improvements in breeding and feeding 


Table 2. Coefficients, ¢-ratios, and elastici- 
ties or flexibilities for dairy sector 
model, 1958-1968 





Dependent 





variable, Explanatory Coeficient® ratio Mor? 
ner 7 flexibility 
C, (1) PB/PR —101.716 0.275 0.023 
PE/PR —2.627 0.145 0.015 
Y —1.950** 5.419 ~O. 741 
W/PR 0.721 0.109 0.007 
C—-t 0.177 1.441 0.182 
PC/P. —112.064* 2.667 0. 084 
Y, (2) PB/PR 75.652 0.901 0,046 
PE/PR 0.574 0, 128 0.008 
C —0.069 1.114 ~=0. 183 
BA(t—3) 17.766** 3.918 0.066 
Yt—1) 0.674** 4.572 0.654 
PM, (4) gu —0.00001 1,085 0. 184 
0.909** 9.024 0,887 
QL/N, (7) PL/CP 2.674 0.563 0.105 
IB/CP 0.103 0.907 0.035 
QEN- —1) 1.000** 6.640 1.001 
—0.397 1.199 ~—0.014 
QU/N, (8) PU/CP —0.347 0.779 0,198 
PD/CP —0.616 0.663 ~0.126 
PO/CP 0.094 1.204 0,213 
QU/NG-1) 0.301 1.062 0.307 
—0.071 1.363 0.056 
QD/N,(9) PD/CP —1.079 1.151 ~0.196 
PU/CP —0.175 0.403 0.089 
QP/NG-D 0.611** 3.367 0.606 
0.062 1.163 0.043 
PL, (10) PF 0.843°* 4.914 0.357 
IC 0.047** 12.230 0.428 
PU,(11) PM 1.069%% 8.871 0.500 
Ic 0.018°* 6.640 0.257 
PD, (12) PM 0.593** 7.670 0.769 
Ic 0.172** 9.530 0,657 
5 Estimated by two-stage least squares. 
b g Evaluated alians dit means. s ii 
erent from zero at the 5 percent level 
iga aa herria different from zero at the 1 percent evel, 
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programs. The significance of the coefficient of 
cows bred artificially, lagged three years, illus- 
trates the importance of one such lag. Also, the 
cow numbers-yield elasticity, —0.741, and the 
yield—-cow numbers elasticity, —0.183, indicate 
that cow numbers are more responsive to 
changes in yield than yield is to changes in cow 
numbers. 

Insignificance of the blend price coefficients 
in the cow numbers and yield equations sug- 
gests that the supply of milk is not responsive 
to current blend price in the short run. A long- 
run price elasticity of milk supply would not be 
too meaningful in the present case because it 
depends on the blend price coefficients which 
were not significant. 

Equation (4) indicates that the farm price of 
manufactured milk is not significantly related 
to quantity of milk used in manufactured 
products but is directly related to the manu- 
factured support price. 

In the fluid milk demand equation (7) the co- 
efficients of fluid milk price, beverage price, and 
time are not significantly different from zero at 
the 5 percent level. Own fluid price elasticities 
estimated by Wilson and Thompson [21] and 
Rojko [7] were also insignificant (based on the 
t-test). The computed zero adjustment co- 
efficient for milk is quite improbable since it 
implies an infinite rate of adjustment between 
actual and desired milk consumption. 

Own price coefficients were also insignificant 
in the milkfat and solids-not-fat demand equa- 
tions. Similar results were obtained by Wilson 
and Thompson [21]. Compared to the own 
price elasticities estimated by Wilson and 
Thompson [21], the (short-run) milkfat elas- 
ticity obtained here is smaller in absolute value, 
and the solids—not-fat elasticity is the same: 
—0.19 vs. —0.43 for milkfat and —0:19 for 
solids-not-fat. Long—run price elasticities for 
milkfat and solids-not-fat were not computed 
because of the insignificance of the short-run 
price coefficients. Of the remaining coefficients 
in the milkfat and solids-not-fat demand 
equations, only the coefficient of lagged per 
capita solids—not-fat consumption is statisti- 
cally significant and implies an adjustment co- 
efficient of 0.389. 

Retail price equations (10), (11), and (12) 
show that retail milk prices are directly related 
to the corresponding farm price and the index 
of compensation per man hour, the latter being 
a proxy for the costs of processing and distribu- 
tion. Estimated retail—farm price flexibilities for 
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fluid milk, milk-fat, and solids-not-fat are 
0.357, 0.5, and 0.769, respectively. These flex- 
ibilities suggest that retail prices of milkfat 
and solids-not-fat are more responsive to farm ~ 
manufactured price than retail fluid price is to 
farm fluid price. 


Concluding Remarks 


The purpose of this paper was to measure 
aggregate demand, supply, and price relation- 
ships for the U. S. dairy sector during the 1950- 
1968 period. Admittedly the structural model 
developed here represents one of many possible 
formulations that can be used to measure these 
relationships. Perhaps the most dominant re- 
sult obtained with the present model is the in- 
significance of the own price elasticities of milk 
supply and of demand for fluid milk, and milk- 
fat and solids-not-fat in manufactured dairy 
products. This result may have been caused by 
incomplete specification of the supply and 
demand equations and/or deficiencies in the 
data. However, these elasticities were found to 
be insignificant in other studies based on na- 
tional data. Regulation of minimum farm prices 
for fluid and manufactured milk by federal or 
state market orders complicates the estimation 
of milk price elasticities. Most dairy sector 
models, including the present one, implicitly as- . 
sume free market conditions. Prices in a free ` 
market are determined by demand and supply 
conditions whereas regulated prices are deter- 
mined by administrative decisions. Consequently 
the aggregate demand and supply elasticities 
reported here may be distorted by the dis- 
crepancy between model assumptions and 
actual market conditions. Alternatively, the 
insignificance of these elasticities could be in- 
terpreted as further evidence of the unrespon- 
siveness of milk supply and demand to own 
price changes. 

Both interpretations offer little comfort since 
there still remains some doubt about the nature 
of supply response to current blend price and 
purchase response to retail prices. Some re- 
searchers maintain that more decisive informa- 
tion about milk price elasticities can be ob- 
tained from less aggregative models and data 
sources. Less aggregative approaches have their 
share of difficulties. For example, estimation 
of own price elasticities of demand from dis- 
aggregated cross section or time series datais 
often hampered by the limited variation and/or 
errors Of .méasurement in retail prices. Despite 
such difficulties there has been an increase in 


222 / PRATO 


the use of regional, state, and local data to 
estimate price elasticities of demand for fuid 
milk and manufactured dairy products. Con- 
tinued efforts in this direction coupled with 
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more reliable data will hopefully provide fur- 
ther information about supply and demand 
elasticities for milk and dairy products. 
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Distributed Lag Estimation of Harmonic Motion 
in the Hog Market* 


Manx S. JeLavicH 


The harmonic motion model as explanation of some markets’ behavior is an alternative to the 
cobweb model. A distributed lag technique for estimating harmonic motion is presented. Re- 
sults are consistent with the four-year period observed in the hog cycle; an inference about 
farmers’ expectations can be made from the results. -o 


HE validity of the cobweb theorem as an 

appropriate model of the hog cycle has 

been challenged numerous times. Arnold 
Larson [4, 5] has proposed a harmonic model to 
explain the four-year cycle in hogs. James Lorie 
[6] described a similar model of the cattle cycle. 
With the exception of one harmonic study of 
hog production [1], it appears that very little 
empirical research has tested the harmonic 
hypothesis. Therefore this paper presents a 
possible estimation technique. 

One way to view the hog market is to formu- 
late a discrete model of production similar to 
that of Metzler [7]. It could be postulated that 
marketings, qs, is a linear function of marketings 
in the previous year, qı, plus an adjustment 
for expectations based on the difference in 
marketings in the previous two years, plus 
unexpected changes, v 


qe = Bair + ¥(Bqi—1 T Bqi—-2) + 0, 
= (1 + y)Bqi1 — YB- + vi 
Here 8, and y, the coefficient of expectation, 
are constants. Furthermore, from the law of 
demand, price should behave harmonically also 
but should move inversely to marketings. 
A second order difference equation of the 
form, 


(2) azı + bz1 + C32 = m 


where a, b, c, and m are constants, has as its 
complementary solution, Ze, the equation: 


(3) a = (c)#[A cos (xt) + B sin (xt)] 
if b*<4ac. The angle x is determined from the 


(1) 


* This paper is based on the author’s undergraduate 
honors thesis in the economics department at Bowdoin 
College, submitted and accepted in May 1972. Special 
thanks are given to Dr. E. H. Hanis of the University of 
Western Ontario, and to Profs. C. F. Christ, A. B. Larson, 

-L. J. Maccini, and an anonymous referee. Any errors are 
the author’s responsibility. 
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formula x= cos~'[(—/2)/(c}) ]. The particular 
solution of (2), sp, is a function of trend, The 
general solution is then s,=2)+2.. (See [2, pp. 
532-539 ].) 

Equation (2) can be estimated by the dis- 
tributed lag equation: 


(4) 


where b and c are estimates of —(1-++)8 and 
yB, respectively. The trend term f(A can be 
used as an estimate of the particular solution. 

While other techniques exist to determine 
harmonic movement in time series, including 
spectral analysis and those in [1], use of an OLS 
distributed lag model allows the value of the 
coefficients given in equation (1) to be deter- 
mined. It is also a convenient method (subject 
to [3]; see below) because little additional data 
are needed. Furthermore, it allows the x values 
to be determined, while in the regressions of g, 
on values of cos (xt) and sin (æf), as in [1], æ 
must be specified. 

Annual data on the hog-corn ratio (as a 
measure of value)’ and for commercially ` 
slaughtered hogs (as a measure of marketings) 
were used in the regressions below. Data are 
from [8]? and cover the years 1952-68, Devia- 
tions from the 1952 value of both the hog—corn 
ratio and marketing series were used. It can be 
demonstrated that if the 1952 value is the “nor- 
mal” value of the series, then a, will be (—a) 
times the mean of the trend values. Time is 
measured in years, i.e., 4=1952; r= 1968. 
Alternative functions of trend, f(#), were 
tested—specifically, 1/t, t, In (#), exp (Ñ; in 
each case the natural logarithm gave the 
highest R?. 


` 1 The hog-corn ratio is defined in [8] as the “number of 
bushels required to buy 100 pounds of live hogs at local 
markets, based on the average prices received by farmers 
for crop and corn.” 

3 Table 477, 1969, and Table 489, 1959, for hog-corn 
ratio data for 1950-68; Table 473, 1969, and Table 481, 
1965, for commercially slaughtered hog data for 1950-68. 

* A mathematical statement of the preceding is available 
from the author upon request. 


© g = Gy — bzi — cons + anf (i) 
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The regressions for marketings, q, and for the 
hog-corn ratio, p,, are (with standard devia- 
tions in parentheses), 


qi = — 14980000. + 0.26569.-1 


(3023000.) (0.1710) 
5 
(9 — 0.7493q:-s + 1976000 In(#) 
(0.1710) (398800.) 
R? = 0.7062 SEE = 3131.8 F = 13.817 
pi = — 7555.0 — 0.0397p.1 — 0.7088; 
(1628.) (0.1941 (0.1916 
(6) 
+ 997.6 In(#) 
(214.9) 
F? = 0.6196 SEE = 1.5152 F = 9.6860. 


In equations (5) and (6) the c value is not 
significantly different from one at the 5 percent 
level of significance; in both cases ġ is not sig- 
nificantly different from zero at the 5 percent 
level. Thus the hypothesis that x equals ninety 
degrees cannot be rejected; equation (3) should 
trace out a stable pattern of oscillations (as 
c=1, statistically). In both cases a; is not dif- 
ferent from (—4a,) times the mean of the log 
trend values. Both equations (5) and (6) fail to 
reject the null hypothesis that there is no serial 
correlation among the residuals in the dis- 
tributed lag regressions. (Approximate values 
for h in (5) and (6) are 0.287 and —0.287, 
respectively; see [3, p. 419].) 

The regression results as used in equation (3) 
trace out the four-year period that has been 


1 The Durbin-Watson d statistics (used in calculating 
the A statistics) are 1.897 and 2.11, respectively. 
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observed in the hog cycle [4]. If marketings 
are a constant proportion of the number of 
hogs on farms the previous year (used as a 
measure of production; see [6]), then it is also 
assumed that production behaved harmoni- 
cally. In this case regression results would occur, 
giving time paths in hog production, prices, and 
marketings similar to Lorie’s hypothesized 
cattle paths [6, pp. 54-57]. An insignificant 
correlation coefficient of —0.1621 was estimated 
between price and quantity. This result does 
not support the hypothesis that the number of 
slaughtered hogs is inversely related to the hog— 
corn ratio. 

As (i+7)8=0 and y8=1 (statistically), it 
follows- that y and 8 may not differ from —1. 
That is, if marketings are high one period, 
farmers expect them to be low the following 
period.’ 

While the insignificant b value may be indica- 
tive that the 2,1 value in both cases is not very 
informative, it does help establish the angle 
value in (3). A regression of the form, 


Zie = a+ bar», 


assumes the angle value to be ninety degrees. 

It has been shown that a distributed lag 
equation can help a researcher determine 
whether an economic time series behaves 
harmonically. Use of monthly data, as in [1], 
may help the researcher determine the “true” 
lags involved. See [1] for techniques (not in- 
volving distributed lags) to determine whether 
changes in phasing or amplitude have occurred 
in the time paths over the period studied. 





5 One criticism of the cobweb model is that it assumes 
farmers expect current prices to remain unchanged into the 
next period (see [4]). 
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Farm Commodity Price Stabilization through Futures Markets* 


Roserr A. RicHarpson AND PauL L, FARRIS 


A proposal to stabilize farm prices through government operations in futures markets was ex- 
amined using soybeans for 1953-1967. The example showed that soybean prices would not 
have been stabilized. Operation of the proposal might also have modified buying and selling 


behavior and cash-futures price relations. 


tive for American agriculture. Govern- 

ment farm programs involving price sup- 
port and storage have been used to help attain 
this objective, along with other goals such as 
raising farm income and providing reserve 
stocks to meet production and demand uncer- 
tainties at home and abroad. 

H. S. Houthakker has suggested a program 
to stabilize commodity prices through govern- 
ment operations in key futures markets [4]. 
He maintains that wide price fluctuations occur 
because “there are not enough traders who are 
willing or able to take a longer view” [4, p. 51] 
and argues that “the key to successful stabiliza- 
tion is in the correct distribution of supplies 
over time through storage at times of surplus 
and release from storage at times of scarcity” 
[4, pp. 52-53]. In Houthakker’s view these 
stocks should be held by private individuals, 
and, in fact, the government can assist private 
stockholders by taking appropriate action in the 
futures market. Houthakker further argues that 
this would withdraw the government from 
direct involvement in commodity storage and 
marketing. Moreover, storage by private firms 
would be socially desirable because they derive 
greater convenience yield! from the stocks than 
the government. 

This paper reports the results of a study 
which examined Houthakker’s proposal using 
historical data on soybeans. The existence of an 
active futures market and relative freedom 
from government controls in production and 
marketing were important considerations in the 
selection of this commodity. 


= > Purdue University Agr. Exp. Sta. Journal Paper 5005. 
Appreciation is hereby expressed to R. C. Haidacher, 
Robert S. Firch, and to unidentified Journal reviewers for 
helpful comments on an earlier draft. 

1 Convenience yield is a property similar to that of 
liquidity which money possesses. Inventories enable the 
holder to draw on stocks readily as they are needed for such 
uses as processing or merchandising. 


p RICE stabilization has long been an objec- 
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Houthakker’s Proposal 


Conceptually, the proposal implies a simpli- 
fied cobweb type interaction between aggregate 
supply and demand over time [2, 7]. Current 
price is influenced by the size of the current 
crop, which is in turn a consequence of farmers’ 
reactions to prices in previous years. Houthak- 
ker suggests that spot prices be stabilized 
around their three year moving average: 


Government intervention in commodity mar- 
kets should therefore be designed to prevent, or 
at least mitigate, unduly large price movements 
while leaving scope both for the day to day 
price changes that are essential to the market- 
ing process and for the long min price trends . 
that reflect basic developments in production 
and consumption. The first of these conditions 
can be achieved by limiting official intervention 
as much as possible to operations in the futures 
- market on a stand-by basis and the second by 
providing for gradual adjustment in the rules 
governing intervention. [4, p. 55] 


A Commodity Stabilization Agency (CSA) 
would be established to operate in futures 
markets under the following rules: 


(1) Prices would be stabilized around a three- 
year moving average of commodity spot 
prices called the Indicator Price (IP). 
Above and below the IP are Agency Ceiling 
and Floor prices—CP and FP respectively. 
These two limits would be a certain per- 
centage above and below the JP. 

(3) Between the JP and CP would be the 
Agency Selling Price, SP; between the JP 
and FP would lie the Agency Buying Price, 
BP. Spot prices could fluctuate freely be- 
tween BP and SP. Once spot prices moved 
outside this range, the CSA would operate 
in the futures market to affect demand for 
the commodity through time, thus bringing 
the spot price back between BP and SP. 

(4) The CSA would trade only in contracts six 
to nine months from maturity. 


(2 


— 


The rationale underlying the scheme is as 
follows. When P<BP, the CSA would buy 
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distant futures contracts. Private traders could 
then store the commodity and sell contracts at 
a distant point in time as a hedge. This would 
result in rising spot prices and redistribution of 
stocks through time. When P>SP, the CSA 
would sell distant contracts; private traders 
would close out hedges and place’stocks on the 
spot market, thus reallocating stock utilization 
through time. 


A Specific Model 


To evaluate the proposal in terms of the soy- 
bean example, the following assumptions were 
made: 


(1) Alternate BP and SP levels of +15 percent 
and + 20 percent of JP were used. 

(2) Alternate aggregate farm level demand 
elasticities of —1.0 and —0.5 were assumed. 
In general, the more elastic the demand 
function at a given point, the larger the 
quantity of the commodity that would have 
to be stored or released from storage to 
bring a given rise or fall in price. 


_(3) Long—run supply response was not affected 


by operation of the scheme; short-run 
supply (within a year) was predetermined; 
i.e., supply elasticity was zero. These as- 
sumptions permit examination of shifts of 
supply through time purely as a result of 
stock accumulation or depletion. The only 
effect of the proposal carried over from one 
month to the next was the change in stock 
levels. l 
(4) Existing stock demand was not affected by 
operation of the proposal; thus stockholders 
did not adjust stockholding positions in 
anticipation of the operation of the pro- 
posal. 
Soybeans stored as a result of CSA action 
returned to the market seven months later. 
This simplification of Houthakker’s pro- 
posal that hedging occur only six to nine 
months from maturity did not greatly 
change the results. With CSA operations in 
one direction for several consecutive months, 
it made little difference if each month’s 
contracts expired in two to three separate 
months or all in one month. 
Intertemporal prices were unrelated, so the 
redistribution of stocks through time was 
‘ the sole concern. Associated with this was 
an assumption that the supply of storage 
function is infinitely elastic, so storage 
space was always forthcoming to hold 
whatever stocks needed to be held. 


(5 


— 


(6 


Sr 


Am. J. Agr. Econ. 


It was implicitly assumed that the operation 
was technically feasible. Also, the assumptions 
outlined were believed to be favorable to 
successful operation of the scheme, including 
the assumption that implementation of the 
proposal would not alter the behavior of market 


participants nor basic supply and demand re- 


sponse relationships. Assumption 6 was an at- 
tempt to determine the minimum amount of 
contract trading necessary to achieve Hout- 
hakker’s stock redistribution objective, given 
the assumptions of the model. 


The Data and Calculation Procedure 


Data used were average monthly farm level 
prices and average monthly reported sum of ex- 
ports plus crushings of soybeans for the period 
1953-1967. CSA trading policies would be 
established at the beginning of each month and 
would remain constant for one month. Market 
traders would know trading policies in advance, 
thus minimizing uncertainty about CSA ac- 
tions. 

The ZP was calculated as a three year moving 
average of 36 monthly prices, held at that level 


‘for the following 12 months, then recalculated 


every 12 months thereafter. Monthly prices 
were then examined to determine what CSA 
action, if any, was called for. Where price was 
below BP (above SP), the percentage by which 
price needed to be raised (lowered) to reach 
BP (SP) was determined. Through use of the 
formula for demand elasticity, this yielded 
monthly quantities that needed to be redistri- 
buted through time by CSA action. The aver- 
age price prevailing in any month thus de- 
termined CSA actions for the following month. 

When P< BP occurred, CSA action resulted 
in a given quantity of soybeans reaching the 
spot market seven months later. When this 
month was reached later in the calculations, the 
depressing effect on price was calculated 
through the formula for elasticity of demand. 
Adjusted prices were then inspected to de- 
termine if CSA action was necessary. This 
procedure is the equivalent of “‘rolling—-forward” 
contracts if further CSA action is involved. The 
procedure for P>SP is analogous to that out- 
lined above, except that operations and out- 
comes are opposite to those for P< BP. 

At the end of each marketing year IP was 
recomputed. For the year beginning October 
1953, IP was based on the 36 months from 
September 1950 to September 1953. The IP 


for the year beginning October 1954 used 
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September 1951 to September 1953 monthly 
prices plus prices resulting from operation of 
the scheme for October 1953 to September 
1954. Thus the effects of the scheme on prices 
and quantities were carried forward. 


The Results 
Effects on prices 


By assumption the proposal stabilized month- 
ly prices. Stabilization at JP +15 percent re- 
quired substantial involvement in futures trad- 
ing and caused a more pronounced time trend 
in annual average prices received by farmers 
(Fig. 1). This resulted because falling prices 
(1953-1959) were accentuated by shifting stocks 





280 
2.80 
Ee} 
È 240 
© 
a 
2.20 —— ACTUAL DATA 
—~~- 1P£20% 





—— P6% 


53 54 55 5 57 $8 E9 & G 62 63 64 65 66 67 
YEAR 


Figure 1. Soybean price, actual and indicated under 


alternative assumptions 


1 For RERE the estimated large carryover of 51.8 million bushels in 
A t 1958 i ed a negative price, The carryover was then dropped 
and the calculations started anew. 


forward on a falling market. During the 1960— 
1964 period P>SP depleted stocks thus ac- 
celerating the rise in prices in subsequent pe- 
riods. Stabilizing at IP +20 percent resulted 
in less intervention but had a similar influence. 

The implication of the above conclusion is 
that a three-year moving average is backward 
looking and fails to predict correctly the price 
trends from year to year. Stocks were not 
hedged far enough in advance to be carried over 
into a time period when the trend in prices was 
reversed. 


Effects on stocks 


The proposal constrains the spot market to 
put pressure for adjustment on stocks rather 
than prices. Changes in annual stock levels are 
shown in Table 1. A fall in the absolute value 
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Table 1. Stock accumulation and depletion 
under the alternative assumptions 


used, 1953-1967 








IP +20% IP15% 
Year 

E=—ł.0 E=—0.5 E=-1.0 E=—0.5 

million bushels 

1953 —4.14 —2.07 —7.51 —3.76 
1954 2.09 1.05 4.49 2.25 
1955 9.73 . 4.87 34.57 17.29 
1956 0.75 0.38 35.35 17.68 
1957 66.53 33.27 
1958 
1959 16.96 8.48 
1960 —24.25 —12.13 —42.74 —21.37 
1961 —3.23 —1.62 —55.19  —27.60 
1962 —23.53  —11.77 
1963 — 10.63 —5.32 
1964 —2.92 —1.46 
1965 —11.94 —5.97 —17.67 —8.84 
1966 —1.08 —0.54 
1967 





of the elasticity or an increase in the range of 
permitted price fluctuations reduced the amount 
of stock redistribution through time. 


Effects on futures trading 


Table 2 indicates the number of contracts 
traded under alternative assumptions. Over the 
period 1954-1958 with P< BP the CSA would 
have bought contracts. Private traders would 
have held stocks and hedged by selling con- 
tracts to the CSA. Seven months later these 
stocks would have returned to the market 
necessitating purchase of more target contracts 
until P> BP again. This is equivalent to “roll- 
ing over” of contracts held by private traders. 


Table 2. Number of contracts traded under 
alternative assumptions 1953-1967 
IP 420% IP+18% 
Year 





E=—1.0 E=—0.5 E=—1.0 E=—0.5 





numbers of contracts 


1953 828 414 1502 752 
1954 418 210 898 450 
1955 1946 974 6914 3458 
1956 150 76 7070 3536 
1957 13306 6654 
1958 

1959 3392 1696 
1960 4850 2426 8548 4274 
1961 646 324 11038 5520 
1962 4706 2354 
1963 2126 1064 
1964 584 292 
1965 2388 1194 3534 1768 
1966 216 108 
1967 
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When prices were rising (P>SP) over the 
period 1960-1966, the CSA would continually 
have sold contracts. After the first seven months 
the CSA would have been forced to sell short. 
Stocks would have to have been held for de- 
livery in the event the CSA could not buy back 
before maturity. The size of stocks would have 
depended on elasticity and stability assump- 
tions and would have ranged from 19 to 155 
million bushels. 


Evaluation of the Proposal 


Several aspects of the model should be 
recognized in evaluating the proposal. The 
analysis is comparative statics in the sense of 
comparing final equilibria under alternative 
restrictive assumptions. The adjustment path 
from one equilibrium position to another is not 
specified. Assumptions also need to be care- 
fully evaluated as to their plausibility. 

It was assumed that the proposal would not 
have altered long-run supply response from 
that which occurred. If, over the 1953-1959 
period, the proposal raised average prices, 
production may have been stimulated, neces- 
sitating larger volumes of futures trading and 
stock accumulation than indicated in this study. 
If prices were lowered in the 1963-1966 period, 
production might have been restrained thus in- 
creasing the volume of short selling of futures 
contracts and the amount of stock depletion. 
Since the proposal did not stabilize annual 
prices, the argument that more stable prices 
would have altered supply response cannot be 
made. Even if annual prices had been stabilized, 
it is not clear how supply would have responded. 

Assumption (4), that existing stock demand 
is not affected by operation of the proposal, 
may not be justified. Given confidence that the 
CSA could achieve P>BP, private traders 
may take up stocks when P<BP occurred 
without any CSA futures trading being neces- 
sary. This would reduce the amount of futures 
trading by the CSA. The CSA would have to 
operate on a trial and error basis facing the 


difficulty of predicting the behavior of futures: 


traders and stockholders in varying situations. 
Reliable estimates of stock redistribution and 
volumes of futures trading would be difficult 
to make. 

Assumption (6), which is implicit inthe 
proposal, seems unrealistic. It recognizes only 
first round effects of CSA actions. In a perfectly 
operating market the range of intertemporal 
prices differs solely by the cost of carrying in- 
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ventories. When P<BP, CSA action would 
have the first round effect of raising spot price 
Ps and distant future price Pn. This changes the 
differential between these two prices and all 
other intertemporal prices. Private traders 
would bid all other prices up, or bid Ps and Pn 
back down until such time as the differences 
between prices represented only inventory 
carrying charges, not allowing for any profits 
from holding a particular position. 5 

In a perfectly operating market the CSA 
would have to bid up all inter-temporal prices. 
This would create no incentive for redistribu- 
tion of stocks through time. The question then 
arises as to what amount of CSA trading would 
be necessary to raise the whole spectrum of 
prices by enough to yield the stabilized pattern 
of spot prices. Monthly spot quantities of soy- 
beans plus the monthly open interest in soy- 
bean futures would be used as the calculation 
base. Since open interest in soybeans is gen- 
erally two or three times the monthly volume of 
crushings plus exports, the CSA would have to 
increase its trading 200 to 300 percent above 
the results shown in Table 2. 

Houthakker’s proposal thus appears to be in- 
ternally inconsistent, On the one hand he 
clearly states that we. need to redistribute 
stocks through time which would require unre- 
lated inter-temporal prices. On the other hand, 
to the extent that bidding up one price creates 
a profit incentive for private traders to bid-all 
other prices back in line, there may be no redis- 
tribution of stocks through time. 

Working suggests that hedging has “the ef- 
fect... of promoting the stockpiling of com- 
modities in private hands in times of surplus, 
inducing the economical storage of such stocks, 
and prompting their release for consumption at 
the most appropriate times” [8, p. 555]. Fur- 
ther, the spot-futures price relation may be a 
guide in inventory control which encourages 
holding of surplus stocks and discourages stock- 
holding when supplies are short [8, p. 555]. 
Elsewhere, Working has commented that the 
argument that government should carry stocks 
“rests in large part on ignorance of the effective- 
ness with which the hedging facilities of futures 
markets assure private carrying of stocks in 
about as large a volume as can be justified on 
purely economic grounds” [9, p. 327]. This sug- 
gests that private stockholding can stabilize 
prices and quantities without any CSA action, 
and Working claims that while futures markets 
may not produce as much flexibility of stocks as 
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desirable, at least they operate in the right 
direction. Other writers [1, 5] have argued for 
private stockholding and futures market hedg- 
ing to stabilize prices through time. CSA action 
would have some effects on all traded contracts 
and may result in misallocation of stocks 
through time [6]. This in turn may confuse 
price signals for both inventory and production 
decisions. 

The roles and functions of futures market 
participants may be affected by the proposal. 
It is based primarily on the risk avoidance 
hedging function of futures markets and ignores 
trading motivated either by the possibility of 
basis changes or to insure a steady grain supply 
for processing. Further, speculators are at- 
tracted by price instability that would be re- 
duced if the CSA fulfilled its objectives. In some 
cases futures markets have declined for lack of 
speculator interest [10]. The CSA would trade 
as a speculator and perhaps would merely fill 
the gap in the speculative side of the market 
vacated by private speculators as a direct result 
of CSA action. 

Spot and futures prices could become increas- 
ingly unrelated as-a result of the operation of 
the proposal. Over the period of falling prices 
1954-1958 the CSA would continually have to 
roll over stocks held by private traders. To in- 
duce private traders to hold stocks over a five- 
year period, the contract price would have to 
rise continually so there would be a price-of- 
storage incentive to hold stocks. The CSA 
would continually have to bid up contract prices 
so hedgers could earn a long run return from 
storage and retain stocks while rolling over con- 
tract holdings. 

When P>SP occurred, stocks would have to 
be held to cover short sales. Stocks may be ac- 
cumulated by direct purchase or by accepting 
delivery on contracts purchased while P<SP 
prevailed. In either case the CSA would have 
been drawn into a storage program which the 
proposal was attempting to avoid. Some pre- 
dictor more reliable than a moving average of 


past events would be needed to anticipate long” 


run price trends and associated stock require- 
ments. Problems of forecasting exist for Hout- 
hakker’s proposal just as for alternative sta- 
bilization proposals. 


Conclusions 


Implementation of Houthakker’s proposal 
would have caused a larger movement in annual 
soybean prices during the 1953-1967 period 
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than actually occurred. The three year moving 
average imposed “backward looking” trends on 
future prices and quantities during a period 
when long time price trends prevailed. To make 
the proposal work, the government would have 
been drawn into some kind of acquisition and 
storage program, which Houthakker was seek- 
ing to avoid. 

Houthakker’s proposal fails to consider possi- 
ble side effects on the futures market. Such a 
proposal could greatly change the existing struc- 
tural relationships between spot and futures 
markets. It could reduce the ability of futures 
markets to evaluate likely future prices and 
supplies and further add to price instability sug- 
gested by this evaluation of the proposal. There 
could be adverse effects on other futures market 
participants such as processors, stockholders, 
and speculators in addition to farmers. The im- 
portance of expectations in the relationships 
between spot and futures markets would add to 
the complexity of effects of such a proposal. 

Buying and selling limits of ZP+ 15 percent 
would reduce monthly but not annual price 
fluctuations. The effect on uncertainty would 
depend on the confidence of farmers and others 
that the scheme would be successful. A large 
educational and information effort by CSA 
would be required. The acceptable degree of 
stabilization would depend on trial and error 
results of operation of the scheme in the futures 
market, cost to the CSA, and political accept- 
ability to various interest groups. 

Commodities with cobweb patterns of price 
behavior (for example potatoes, hogs, and cat- 
tle) may be amenable to price stabilization by’ 
this method. Even then costs of storage and 
lack of identifiable markets, grades, and stan- 
dards may limit the practicability of the pro- 
posal. Commodities with long term price trends 
may face problems similar to those found in this 
study. 

The evaluation of Houthakker’s proposal as- 
sumes the existence of a stability problem. In 
the postwar period farm incomes have been 
increasingly stabilized as a result of stability in 
the whole economy [3]. Policy makers have 
frequently failed to distinguish the level and 
distribution from the stability of farm income. 
Existing stabilization plans have therefore been 
concerned, at least partly, with raising prices. 
Unless Houthakker’s proposal was expected to 
offer prices as high as those under existing farm 
programs, it may not be acceptable. Aside from 
these considerations exists the question of 
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whether price instability adversely affects 


farmers. Even if there are adverse effects, this 
research suggests that government operations 


Am. J. Agr. Econ. 


in the futures markets would not solve the 
problem of price instability. 
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A Note on Some Monte Carlo Results on Non-Negative Variance 
Estimators for a Random Coefficient Regression Model 


B. R. FRoEHLICH 


A consistent estimator is used as a first step in estimating variances. Since this procedure fre- 
quently gives negative values, alternatives are proposed. One of these, the quadratic program- 
ming estimator, was believed to be superior to both of the others examined in this study. The 


experiment does not support this conjecture. 


HREE alternative non-negative variance 

estimators are examined here. One is 

formed by taking the absolute value of a 
negative estimate; another is obtained by trun- 
cating negative estimates at zero. These esti- 
mators are compared with each other (see also 
[2]) as well as with a third estimator which is 
derived taking account of the a priori knowl- 
edge that variance estimators should be non- 
negative. The latter procedure seems intuitively 
superior to the absolute value estimator dis- 
cussed by Subrahmanya [8], but surprisingly 
this is not generally so as the Monte Carlo ex- 
periment below reveals. 


The Model 


Consider the following linear regression model 
[1, 2, 4 


K 
(1) Y= DS Zu(Be + Va) i=1---T 
kel 


where Y, is an observed random variable (de- 
pendent) and Zæ are known nonrandom quan- 
tities (independent); 8+ is the mean response of 
the dependent variable to a unit change in the 
kth independent variable, and (+V œ) is the 
actual response of the tth observation. Vz are 
unobserved random variables such that 


EV » = 0 
(2) EV x? = a (unknown) 
EV aV = 0 fort#s ork ¥#j 


The unknown parameters to be estimated in 
this model are (81 - + « Ba) and (ar - + - ax). At- 
tention here is restricted to the estimation of 
the & unknown a’s (variances). An initial un- 
biased variance estimator which was derived by 
Hildreth and Houck [4] is obtained in the fol- 
lowing manner. Writing the above model in 
matrix notation, the following is obtained: 








B. R. Froxutics is assistant professor of economics at 
Colorado State University, Fort Collins, Colorado. 


(3) Y=Zp+U 
where 

EU=0 
(4) 


EUU'=H=diag ( D Zwar Znie) 
k 


where “diag” denotes the diagonal variance- 
covariance matrix of disturbances. 

Consider the vector of residuals r from the 
least squares regression of Y on Z 


(5) r= Y — ZŠ = (I — Z(Z'Z) `Z’) Y = MU 
where 

B= (Z' ZZ Y. 
Taking expectations, 


Er =0 
and 
(6) Err’ = MHM 
from which 
(7) Er = MZa 
where 
t=([r,2 +--+ rr] and M, Z denote matrices 


for which each element is squared. Letting 

w=f—Et and MZ=G and considering the 
case where the V’s are normally distributed, the 
following is obtained: 


(8) +=Ga+w 
where 
E(w) = 0 
E(ww') = Y = FG, a) 
(a known function of G and a). 
Applying least squares to (8), one obtains 
(9) . at = (G&G) G. 
231 
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Table 1. Summary of œ estimators (sample size 25) 
it ie A a* a a* a 
Parameter True 
Number Estimated Value Meen Var MSE Mean Var MSE Mean Var MSE Mean Var MSE 
1 a 1.0 .887 485 498 .923 399 405 .959 352 354 L818 310.343 
as l2 1260 261 264 :337 190° 120 1414011571203 132511741190 
a 5 538 .408 -409 .582 343 .350 626 305 321 565 ll 315 
2 a 1.0 935 682 685 OTL 583 584 1.008 540 540 .789 343 387 
a 2 -312 457 469 436 «279 334 560 .241 371 -417 +238 -286 
a "5 01432 1376 1382 1500 1267 1267 :578 1220 -1226 ‘486 02351 (251 
3 a 1.0 980 352 .352 994 317.318 1.008.296 2% 852.198 .220 
ar -2 .169 Ari -238 -285 .118 .123 .400 .105 „145 .281 «115 121 
a 5 1551 1837 1876 ‘610 1783 795 1668 1630 1658 1604 L714 1726 
4 a 1.0  .990 583 583 1.032 449 450 1.073 412 ALT „855.266 287 
m aa .147 400 .403 -301 +234 -244 -456 .214 «279 «286 -189 -197 
a 15 01519 = 1502 -501 1587 1387 1395 1654 0343 1367 :567 1343 1348 
5 a 1.0 1.081 464 471 1.099 417427117 385.399 .940 283 287 
a 12-1212, 1250 1280 1306 1161 1173 400 113401174 1298 1153 1162 
oa 's 01420 0580 (S14 ‘5151371. ` 1371 ‘610 1312 324 ‘500 1342 1342 
Overall a -975 +513 518 1.004 -433 .437 1,033 397 -401 851 280 -305 
Average oy «220 «321 325 333 196 «217 446 .170 +235 321 174 191 
~ -490 .526 -536 ~559 -430 -436 -627 .362 ..379 544 -392 396 





The estimator (9) may yield negative estimates; 
hence alternatives such as those suggested by 
Subrahmanya may be considered. The trun- 
cated biased estimator 


(10) K 


is a natural candidate. Another suggested esti- 
mator is the absolute value estimator (also 
biased) 


(11) 


-A third and more appealing procedure is the 
restricted least squares estimator that mini- 
mizes the following sum of squares of residuals 


(12) ` (% — Ga)’ (} — Ga) 


subject to the condition that a>0.' (Call this 
estimator &.) Since the latter is somewhat com- 
plicated insofar as it involves a quadratic pro- 
gramming solution, it is of interest to see 
whether the anticipated reduction in Mean 
Square Error over the other two is worth the 
effort.? It can be shown that a*, &and & are con- 
sistent estimates. For proof of this see Hildreth 
and Houck [4]. Attempts to obtain the small 
sample distribution of the above estimators has 


or" = Max {0, a,*} k=1- 


a? = \ax* |. 


1 Hallberg [3] in the context of another estimation prob- 
lem questions the superiority of the quadratic programming 
procedure relative to that of ordinary least squares. See 
[6] for a discussion of inequality restrictions in regression. 

2 An alternative estimator for the variances based on 
the principle of “Minque” by C. R. Rao [7] has been de- 
rived by the author. Although unbiased, this estimator, in 
a Monte Carlo study involving 1000 sets of estimates based 
on sample size 25 and 75, proved inferior in terms of mean 
squared error to the estimator a* in every set. The non- 
negative version of this “Minque” estimator has also been 
studied by the author [1]. 





so far not been successful. Zellner [9] has 
studied the distribution of a constrained esti- 
mator of the form (10) for the class of models 
where only one independent variable is involved 
and where the errors are multivariate normal of 
the form U~N (0, oI). Hocking [5] derived the 
distribution of a projected least squares esti- 
mator when the estimator is constrained to lie 
in a bounded convex set which has a unique 
tangent plane at every point on the surface and 
the errors are of the form U~N(0, o*J). Unfor- 
tunately these conditions are not satisfied in the 
present case where f=Ga-+w. 

The above model is of special interest to the 
econometrician (see Froehlich [1]). Before such 
a model can be applied, however, and until 
further analytic results concerning the distribu- 
tions of the above estimators are forthcoming, 
the econometrician must extract evidence of 
small sample properties from Monte Carlo ex- 
periments. Part of such an experiment is dis- 
cussed below.? 


Discussion 


As Table 1 reveals, the mean squared error 
of the absolute value estimator is smaller than 


? Design of the Monte Carlo study: The model stud- 
ied specified that for fixed k, Va are independent and iden- 
tically distributed and furthermore normal [i.e., 
VurN (0, ax)]. Choosing K=3 with the first column of 
Z=1, one has two independent variables as well as an 
intercept. The study was originally designed to obtain a 
set of structures (combinations of factors to which the es- 
timators may be especially sensitive), namely the pattern 
of the Z values and the sample size. Sample size 25 for 5 
patterns of independent variables was chosen, and this was 
repeated for sample size 75. For each structure 100 sam- 
ples of the selected sample size are drawn. For a complete 
description of the independent variables see [2]. 
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Table 1. Continued (sample size 75) 
Structure a* a a° a 
ID Parameter True 
Number Estimated Value Mean Var MSE Mean Var MSE Mean Var MSE Mean Var MSE 
. 6 ai 1.0 1.007 -139 -139 1.010 -130 -130 1.014 „124 -125 -995 «113 +113 
on 2 -208 -065 065 ~227 -054 .055 246 048 -050 225 054 055 
a 5 -465 -168 .169 .472 -160 161 -479 134 155 472 -156 .157 
7 a 1.0 1.019 -258 -258 1.028 235 «236 1.038 +119 -120 -944 .175 .178 
a 2 -214 .161 .161 -293 .091 .099 Aral .069 .098 .288 .085 .093 
a 5 489 143 «143 497 1K Ks 3 . 504 oyd .127 494 128 128 
8 a 1.0 +975 234 .235 -992 «192 2192 1.009 165 -165 .959 167 169 
a 2 «177 -067 068 .203 .053 «053 .233 044 -045 -198 „048 -048 
on 5 497 +207 .207 -508 .195 .195 -518 .186 .186 -500 .180 -180 
9 a 1.0 963 154 -156 -965 -151 s152 -966 -148 .149 -924 -130 136 
a 2 -203 -083 .083 -233 - 065 -066 +263 .055 -059 -232 .065 . 066 
w 5 532 139 . 140 544 -123 atis 556 »113 -116 +544 122 «124 
10 a 1.0 .973 .189 .190 .983 .165 -166 .992 Ripi «151 947 140 142 
on .2 .204 .083 .083 .235 - 063 „064 .266 -054 -058 «232 -059 -060 
a 5 492 175 175 «501 „164 164 .509 .158 .159 497 0157 «157 
Overall a .987 -195 -196 -996 «175 «175 1.004 141 -142 954 7145 -148 
Average at .201 .092 .092 .238 .065 .067 .276 054 -062 235 -062 064 
a 495 166 .167 SH -155 156 -513 «148 148 -50L -149 -149 





that of the truncated estimator for all cases of 
sample size 75. For sample size 25, this is true 
only for the parameter value of œ= 1. Note in 
Table 2 that only for the “small” parameter 
value of .2 and small sample size of 25 does the 
truncated estimator surpass the absolute value 
estimator in terms of mean-squared-error effi- 
ciency. This throws some doubt on Subrah- 
manya’s suggestion that when the distribution 
(in this case, the distribution of a*) is unspeci- 
fied, it is better to use the truncated rather than 
the absolute value estimator. 

Subrahmanya conjectures that the absolute 
value estimator is superior to the truncated 
estimator under certain conditions [8, p. 109]. 
These conditions were checked in the present 
study and found to be unreliable. 

A surprising feature revealed in Tables 1 and 
3 is the remarkable efficiency of the absolute 


value estimator in comparison with the quad- 
ratic programming estimator. For sample size 
75, little difference is noted between the two. 
For sample size 25, the quadratic programming 
estimator seems to have a small superiority over 
the absolute value estimator on the average. 
Such high efficiency of the absolute value esti- 
mator was not expected, insofar as the quad- 
ratic programming procedure takes into ac- 
count correct @ priori information. Since the 
magnitude of the parameter value as well as 
the sample size clearly affects the M.S.E. of 
alternative estimators, further investigation is 
needed before a choice among them can be 
made.‘ 


‘A referee has pointed out that the absolute value es- 
timator is inferior to the quadratic programming estimator 
when a=o. 














Table 2. Relative efficiency of ~ compared with a@° structures* 
Average Average Overall 

1 2 3 4 5 6 7 8 9 10 1-5 6-10 Average 
MSEa,° 
— -874 .925 .931 .927 .934 .962 .508 .859 .980 .910 918 844 881 
MSE@ 
MSEan° 
<a -9O71 1.111 1.160 1.144 1.006 .909 .990 .849 .894 .906 1.078  .910 994 
MSE: 
MSEa,° i 
— .917 .847 .828 .929 ..873 .963 .948 .954 .928 .970 .879 = 953 -916 
MSE4, 





* This table was constructed by dividing the mean squared error of the individual elements of & into the mean ee 
error for corresponding elements of a°. This is done for all structures. 
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Table 3. Relative efficiency of a compared with &* 





Average Average Overall 











I 2 3 4 5 6 7 8 9 10 1-5 6-10 Average 
MSE&, 

972 .747 .743 .688 .719 .904 1.483 1.024 .913 .940 .768 1.053 -911 
MSEa;® ‘ i 
MSE: : 

936 771 6.834 .706. .931 1.100 . .949 1.067 1.119 1.034 .836 1.054 945 
MSEa:° 
MSE4, f 
Rian 981 1.111 1.103 .948 1.056 1.013 1.008 .968 1.069 .987 1.040 1.009 1.025 
SEa 





a Construction of Table 3 was similar to that of Table 2. 
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EDITOR’S PREFACE: The following represents a brief departure from the usual Journal 
Short Article/Note format. In the paper by Wilfred Candler, Wayne Cartwright, and J. B. 
Penn, comparative reference is made to a report that the editors and reviewers feel is not easily 
obtainable. For the convenience of Journal readers, S. C. Thompson was invited to prepare a 
response that is published jointly with the Candler, et al. paper below. 


The Substitution of Analytic for Simulation Algorithms: A Comment* 


WILFRED CANDLER, WAYNE CARTWRIGHT, AND J. B. PENN 


An example problem that was initially analyzed by simulation and subsequently solved anal- 
ytically is presented. It is argued that simulation algorithms are not necessarily preferable to 
analytic procedures even when problems contain apparently intractable features. Analytic solu- 
tions to simplified problems might prove useful even when a simulation algorithm is employed. 


and consulting work, frequently encoun-' 


Piste economists, in their research 


ter resource allocation problems charac- 
terized by multiple goals, decreasing average 
costs, and integer constraints on the levels of 
inputs and outputs. In general these charac- 
teristics violate the assumptions required by 
the analytic algorithms for which computer 
software is widely available, although it is often 
useful to solve a related but modified problem 
that is compatible with available software. 
When faced with intractable problems of this 
type, several economists have suggested the 
abandonment of analytic solution procedures in 
favor of simulation algorithms.} 
An interesting example of the latter approach 
is contained in a paper by Thompson [8]. 
Thompson employed a Monte Carlo simulation 
algorithm in solving a small capital allocation 
problem that contains decreasing average costs, 
integer requirements, and exclusionary con- 
straints. The purpose of the present note is to 
compare the simulation results reported by 
Thompson with the optimum solution obtained 
using a recently completed mixed integer pro- 
gramming algorithm. 


Example Problem 
The problem considered by Thompson is 


* Journal Paper No. 4886, Purdue Agricultural Experi- 
ment Station. The research reported in this paper was 
carried out under Project 1595 of the Purdue Agricultural 
Experiment Station. 

1See, for example, Willis, Minden, and Snyder [10], 
Patrick and Eisgruber [6], and Lee [4]. 
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given in Table 1 with minor notational changes. 
The key features of the problem are as follows: 


(i) The objective is to maximize annual net 
profit from operation of a plant; 
(ii) Each machine purchased contributes 365 
machine—days of service; 
(iii) Two production activities, z, and 2s, 
require set-up machine services (these re- 
quirements are indicated in the table by 
the coefficients in parentheses) ; 
After production has been initiated, each 
product has fixed per unit requirements 
for machine services and capital; 
(v) There are upper and lower bounds on the 
levels of all activities; 
(vi) Machines must be purchased at discrete 
levels; and 
(vii) Exclusionary relationships exist between 
production activities xı, x2, and 23. 


(iv) 


The solution space of this problem is clearly 
non-convex. Noting that this problem is a 
mixed integer programming problem and hence 
violates the assumptions of linear programming, 
Thompson considered a simulation algorithm 
wherein Monte Carlo sampling is conducted on 
the levels of the activities in order to generate a 
large number of feasible solutions. Procedures 
of this type may include heuristics or other 
optimum seeking search techniques. In the 
absence of search procedures (i.e., where the 
levels of the variables are chosen at random), 
probability statements can be made about the 
likelihood of having a solution in the best 10 
percent, 1 percent, etc., of solutions. It is much 
less easy to give a probability of being within 1 
percent of the optimum. Significantly, the pro- 
cedure cannot identify an optimum solution 
even if one has been generated, nor can it report 
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Table 1. Thompson’s initial matrix 


Production Activities 
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Machine Supply 


Activities 
tio a %, 5 ai as See 
Accounting 3.0° 1.8(5) | -365 < 0 
Machine: .2-.9(A) -365 = o 
Days a el -2(7) ~365 s 0 
Capital 1.0 1.2 2.0 5 8 2000 1500 2500 < 15000 
Max Profit 3.5 2.0 3.0 .4.0 4.0 -270 -200 -310 "- 0 
Activity Max| 2000 2000 2000 2000 2000 7 9 5 
Activity Min 50 50 50 50 ` 50 > 
Other Constraints 
(4) Xp» Z7> Xg integer, 
(ii) If x > 0, then Xp» X, = 0, 
(4141) If 3> 0, then x, =O, 
(iv) If x, > 0, then x, * 0, and 
(v) x, = 0, or, 50 < x, < 2000; j=21, 2, ..., 5. 


the proximity. of any solution to the true 
optimum.? 

It may be of interest to consider the explicit 
modeling of the above problem as an integer 
programming problem. 


Integer Programming Formulation 


An initial tableau for the integer program- 
ming formulation of the problem appears in 
Table 2. Though not explicit in the representa- 
tion in Table 1, each of the production activities 
xı to x may be zero or in the range 50 to 2000. 
Since the interest in this paper is predominantly 
in the modeling features which allow Thomp- 
son’s problem to be represented as an integer 
programming problem, the derivation of Table 
2 from Table 1 will be discussed in some detail: 


(1) First, all restraints have been expressed as 
“less than or equal to”; there are no “‘equal- 
ities” or “greater than’s.” ~ 

The machine supply activities (x, 2, xs) 
of Table 2 correspond exactly to the ac- 
tivities in Table 1 with the exception that 
upper bounds on machine supplies are 


(2) 


2 Thompson [8, p. 11] claims that for his example a 
sample of 1000 solutions produces solutions with net profit 
within 2 percent of “what is believed to be” the maximum, 
but he gives neither the details of how the maximum was 
identified nor his definition of the expression “within two 
percent.” 





spelled out explicitly in appropriate re- 
straints. 

The production activities (xı through ss) in 
Table 2 correspond to the per unit resource 
requirements of the corresponding activities 
in Table 1, exclusive of the set-up costs 
associated with activities x, and x5. 
Corresponding to each production activity 
in Table 2, a set-up activity? (restricted, in 
the last four restraints, to being at most 
one) has been constructed. These set—up 
activities incorporate the set-up costs 
omitted from activities x and x; and, when 
introduced at a value of one, impose lower 
bounds of 50 and upper bounds of 2000 on 
the corresponding production activities. 
The mutual exclusion restraints (ii) through 
(iv) of Table 1 appear as the top two re- 
straints of the last restraint set. Note, for 
instance, that if w=1, then ay=4)=0, 
and hence %,=23;=0, and 50< x< 2000. 


3 A referee suggested that these set-up costs may not be 
independent. In the particular example being discussed 
here, they happen to be independent. In more complicated 
situations, the price of the machines might be dependent 
on the number purchased; or, in other set-up problems 
there might be a learning process so that the second 
machine could be set-up at a lower cost than the first. In 
these cases, additional set-up activities would need to be 
introduced to reflect each possible way of obtaining the 
required machine services. 


(3) 


(4) 


(5) 
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Table 2. Initial integer programming tableau for Thompson’s problem 
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Production Machine Supply = 

21 7 x | s = Zo %0 žu %2 9 
Accounting 8 1 i = 01 a -365 8.0 5.0 < 0 
Machine’ 25 1.4 s2 39 -365 4.0 < 0 
Days 1.0 .71 P .2 -365 ee | 7.0 . < 0 
Capital 01.2 2 .5 .8 | 2000 1500 2500 15009 
Production 0 
1 0 
Upper 0 
Bounds 0 
0 
Production a -1 0 
Lower 0 
Bounds 0 
0 
Machine 7 
Upper 9 
Bounds 5 
< 1 
Exclusion < 1 
Constraints < 1 
< 1 
Profit Max}; 3.5 2.0 3.0 4.0 4.0 | -270 -200 -310 0 


Xg? Kas Xg? Xs Xo’ ap X19> X13 integer 


The integer programming formulation (as 
specified in Table 2) was solved with a branch 
and bound mixed integer programming code.‘ 
A solution summary of the integer problem and 
a comparison with simulation solutions are 
shown in Table 3. Extensive computational 
experience with the code has not yet been ob- 
tained. Upper limits on problem size have not 
been fully explored, but it appears the code will 
be reasonably efficient for problems with 80 
restraints and 150 variables of which 20 would 
be integer. Approximate computing time for the 
present problem (22 restraints and 14 variables, 
8 of which were integer) was 15 seconds. Twenty 
optimal partial, “non-integer” solutions had 
been found, and 19 partial solutions remained 
in inventory when the optimum solution was 
obtained. 


Discussion 


The problem formulated by Thompson is an 
example of the class of problems that may be 
solved using known analytic algorithms, but it 
can also be approached by employing simula- 
tion procedures. This does not mean to imply 
that an analytic approach is necessarily prefer- 


4 See Candler [1] and Penn, Candler, and Smith [7]. 


able to simulation for this or any other problem, 
but it does suggest that all applicable pro- 
cedures be reviewed before analysis begins. As 


Solution summary of example prob- 











Table 3. 
lem solved by analytic and simula- 
tion techniques 
Integer Best Linear 
Variable programming simulation programming 

solution solution* solution 
x1 660.61 50.00 0.00 
Xa 0.00 0.00 0.00 
X 0.00 0.00 0.00 
x4 0.00 0.00 0.00 
Xs 311.95 778.89 950.73 
Xe 3.00 4.00 4.70" 
X 2.00 2.00 2.35** 
Xs 2.00 1.00 0.53" 
Xp 1.00 1.00 0.00 
Xio 0.00 0.00 0.00 
Xi 0.00 0.00 0.00 
Xie 0.00 0.00 0.00 
Xn 1.00 1.00 0.48** 

Objective 

value 1729.94 1500.56 1901.04 





* Four hundred solutions from the simulation procedure 
were generated. The solution shown above had the largest 
objective value of these solutions. 

Note this “solution” is infeasible since this value has 
not been integerized. 


238 / 


` Thompson pointed out, when reliable software 

for analytic algorithms is not available to the 
researcher, he may have no alternative to de- 
veloping a simulation procedure. However, 
when codes for analytic algorithms are available 
or can be developed, the selection of a solution 
procedure becomes nontrivial. The relative 
costs of developing or purchasing computer 
codes, differences in computing time, and dif- 
ferences in the characteristics and volume of 
information generated are all relevant variables. 
Clearly no general statements of preference can 
be made,® at least with current knowledge, and 
. alternative algorithms should be reevaluated in 
each problem situation. In any event, it is obvi- 
ously crucial to identify all applicable algo- 
rithms. l 

Again, as Thompson pointed out, when a 
simulation algorithm is chosen, useful informa- 
tion might be generated by placing an upper 
bound on the solution space through solving a 
simplified version of the problem by readily- 
available analytic procedures. 

In evaluating simulation procedures, the 
probability of getting a solution in the best X 
percent,‘ say 1 percent, of solutions needs to be 
viewed with caution: 

(a) If no heuristics are used, so that it is 
strictly a random search, consider the following 
example: there are five crops to produce, which 
can be at levels zero to 500 acres by 50 acre 
increments and all other decisions follow from 
the levels of these five cropping activities. Then 
each crop can be put at 11 levels (0, 50, 
100, : - +, etc.), and a total of 115, or 161,051 
potential solutions exist. There are then 1,610 
solutions in “the top one percent of solutions,” 


s We can claim with some confidence, however, tha 
given equal total costs, an optimizing analytic solution 
will be preferable to an approximation derived from simu- 
lation. 

* See for instance [5, pp. 402-403]. One of our reviewers 
emphasized that if the solution space is fairly flat, then we 
may be almost indifferent between any of the top 1 percent 
of solutions. This is correct; the question is: How often 
is the solution space an #-dimensional pancake and how 
often an #-dimensional orange? 
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and even if our solution was in the midrange by 
value of these solutions, there would sitll be 800 
better solutions! Of course the question is: How 
much better?” 

(b) If heuristics are used, one enters on the 
horns of a dilemma. On the one hand, since plan 
selection is no longer random, one cannot con- 
tinue to make probability statements about the 
the best plan being in the best X percent of 
plans. On the other hand, the heuristic will usu- 
ally increase the proportion of good plans se- 
lected. It will usually raise the expected value of 
plans selected. The heuristic may, however, also 
exclude (or reduce the likelihood of selecting) 
the optimum plan. Mere intuition is not suffi- 
cient to prove that the optimum plan is still in 
the set that may be selected: Unfortunately, 
raising the expected value of plans selected does 
not necessarily also raise the expected value of 
the best plan selected. 


Summary 


This note has presented an example of a prob- 
lem that was initially analyzed by simulation 
and has subsequently been solved analytically. 
It is argued that simulation algorithms are not 
necessarily preferable to analytic procedures 
even when problems contain apparently in- 
tractable features.’ Finally, it is suggested that 
the analytic solution to a simplified problem 
might prove useful even when a simulation 
algorithm is employed. 


7 If some of the solutions are infeasible, still more caution 
is needed, since the assertion is now that the best simula- 
tion solution is in the best X percent of solutions (feasible 
and infeasible): we are no longer making an assertion about 
being in the best X percent of feasible solutions. To the extent 
that heuristics and prior analysis can be used to reduce the 
sample space, this is obviously helpful and may mean 
some smaller number of better solutions rather than 800 
better solutions in the above example. If any infeasible 
plans remain in the sample space, however, we are again no 
longer talking of the best X percent of feasible plans. 

8 Our discussion of Thompson’s problem did not con- 
sider multiple goals, However, problems with multiple 
goals can also be handled analytically. See Candler and 
Boehlje [2] and Cartwright [3]. i 
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The Substitution of Analytic for Simulation Algorithms: 


A Response* 


S. C. THOMPSON 


rithm compared here with Mized Inte- 

ger programming (MIP) can be traced 

to Swedish work begun in 1964 by Lindgren 
and to Carlsson [2], who published the first 
. mimeographed paper in 1965. Work on the first 
English version [3] began in 1966, and at that 
time, when the roles of these embryonic Monte 

Carlo programs (MCP) were being discussed, 
the decision to go ahead was to some extent 
based on a weariness of waiting for mathemati- 
cians to produce a workable MIP. It was antici- 
pated, however, that a successful MIP would 
be developed, and MCP was not designed pri- 
marily to compete with MIP or LP. Although 
both types of problem can be handled by MCP, 
there remains a substantial number of problems 
which are well suited for handling by MCP. 

. The matrix used by Candler, Cartwright, and 
Penn [1] as an example is a tiny problem de- 
signed to demonstrate a large number of ex- 
amples in a small space. As these authors point 
out, the problem is very suitable for solution by 
MIP. Solution of the problem by maximizing a 
single objective function, however, fails to 
bring out one aspect of MCP which is possibly 
its most significant characteristic—its ability to 
handle multiple objectives. Departure from a 
simple profit maximizing model to one, for ex- 
ample, which handles different levels of invest- 
ment immediately transforms the model into a 
multiple objective problem. The existence of 
multiple and often conflicting objectives has 
led to a number of attempts at ranking and 
aggregating objectives to produce a single 
“utility” that could be incorporated in LP or 
MIP. Financial objectives can with some degree 
of success be aggregated in this way, but the 
method is less effective when applied to hetero- 

. geneous objectives. 

Even the small matrix immortalized here by 
Candler, ef af. as “Thompson’s problem” has 
two obvious objectives: profit maximization 
and investment minimization. And suppose a 


* See Editor’s [Preface to the preceding note. 


[iin comp of the Monte Carlo algo- 
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third objective to be sought is the production 
for sale of the maximum number of product 
lines possible (a plausible objective in the manu- 
facture of some consumer ‘goods). It will no 
longer be sufficient in handling this problem to 
use an algorithm which calculates an optimum. 
Rather, a means of calculating the position of 
the discrete Efficiency surface relating the three 
objectives is required. 

The Monte Carlo algorithms developed in 
Sweden and England are capable of estimating 
the position of the Efficiency surface (or hyper- 


20 


15 





5 0 15 


SET UP COST $000 


Figure 1. 


surface if the problem demands) with little or 
no computational burden beyond that needed 
to estimate an optimum point. Since all feasible 
random solutions are stored, it is merely a mat- 
ter of using the sub-routine in the program 
which sorts and graphs Efficiency lines auto- 
matically. Figure 1 shows the Monte Carlo 
algorithm’s estimate of the Efficiency line for 
each of the numbers of product lines carried by 
the manufacturer. These lines are not smooth 
but are broken in several places by discontinu- 
ities, and the plateaus so formed reflect the 
nonlinear nature of the matrix. The positions of 
the lines were drawn from a small run of 400 
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random feasible solutions and can only claim 
attention as estimates of the true positions of 
the Efficiency lines. 

There is no doubt that a parametric MIP 
equipped with a similar sorting and graphing 
sub-routine could exactly locate Efficiency 
lines for this multiobjective problem. But two 
questions of current importance are, “At what 
cost and with what ease?” Users of presently 
available MIP algorithms point to the high 
cost of parametric work and to the cumbersome 
manner in which the algorithms must be op- 
erated. Of longer term importance is the ques- 
tion of increasing dimensionality when han- 
dling, for example, a dozen or so objectives. The 
Monte Carlo algorithm can handle large num- 
bers of objectives with little extra effort, so that 
its role becomes less that of an optimum seeker 
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and more of a portrayer of the significant rela- 
tionships present in the system under study. 
The emphasis on an optimum (a concept which 
is largely- illusory in agricultural systems) is 
thus replaced by emphasis on a “road map” 
from which a farmer may judge the conse- 
quences of different courses of action. 

As a footnote, the English MCP has not re- 
mained static since its publication, and one 
modification in 1971 was the introduction of 
curvilinear relationships. The user was formerly 
able to specify the coefficients Q and A in the 
equation y=Q+ Az. This has been extended so 
that he can specify Q, A, and P in the equation 


y=Q+ Az? 


where Q, A, and P can take positive or negative 
values. 
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The Elasticity of Demand for Hired Farm Labor 
T. M. Hammionps, R. Yapav, Anp C. VATHANA 


Estimation of a supply and demand model of the bired farm labor sector is presented. Elasticity 
estimates using this technique are compared to estimates obtained through cross-section and 


production function models, 


hired farm labor market reveals a con- 
flict between elasticity estimates derived 
' from models using time-series analysis and 
those derived from models using a cross-—sec- 
tional approach. This paper updates the tradi- 
tional times series models and provides addi- 
tional evidence from the State of Oregon. 

Several econometric studies of the hired farm 
labor market may be found in the literature. 
A summary of the demand equation wage elas- 
ticities from the more important studies appears 
in Table 1. The cross-section and production 
function studies show a much more elastic 
demand than earlier time-series models. In this 
paper a time-series model developed by Schuh 
[11] was applied to more recent data than used 
in the models of Table 1. Results indicate an 
actual shift in elasticity over time. This suggests 
that the more elastic estimates obtained with 
cross-section and production function studies 
are not merely a function of the type of 
analysis used.! 


A REVIEW of the literature dealing with the 


The Model 


A simultaneous equation model was specified, 
with demand being a function of real farm 
wage, real farm income, a time trend, and an 
index of productivity (technology). Supply was 
hypothesized to be a function of real farm wage, 
a time trend, the unemployment in the relevant 
geographic region, and the real nonagricultural 
wage rate. Each equation was specified in a 
Nerlove [8, 9] framework to allow estimation 
of both short-run and long-run elasticities. The 
structural model is well documented and will 
not be discussed in detail here. For the rationale 


1 It is important to resolve this issue. An elastic demand 
would have significantly different policy implications con- 


cerning farm labor unionization with its accompanying. 


wage demands and concerning legislative action on mini- 
mum wage legislation than would an inelastic demand con- 
tition (see, for example, [3]). 





T. M. Hasosonns is assistant professor in agricultural 
economics at Oregon State University. R. YADAV and C. 
VATHANA were graduate students in agricultural economics 
at the time of this study. 


242 








Table.1. A summary of demand elasticity 
studies of the hired farm labor 
market 

Stud Duram gee 
udy p wage o 
elasticity elasticity 

Griliches [5 1912-1956 —0.11 —0.62 

Heady & Tweeten g 1929-1957 —0.26 ~0.37 

Heady & Tweeten [6] 1940-1937 —0.48 —0.60 

Schuh p 1929-1957 —0.12 —0.40 

Schuh [12] 

Mid-Atlantic 1929-1955 —0.15 0.96 
Pacific Regi 1929-1955 —0.23 —0.97 
Wallace & Hoover [16} 1959 cross-section —1.43 — 
Bauer [1] 59 croœs-section —1.48 sas 
i 1950-1969 

i production function —1.04 -3.515 

® Southern Plains. 


behind the inclusion of particular variables, see 
[11]. The two equations to be estimated are: 


Demand 

(1) Vay = ay + Bi Yo, + 82X11 + BaX3,e 
+ baXa + Bs Yii + ue 

and 

Supply 

(2) Yi = æa + Bs V2, + BrX 4,2 + BaXs, 
+ bX z. + Bio Yii + He 

where: 


Y¥,= Number of hired farm laborers,? 

. ¥g=Index of composite wage rates for hired 
farm labor, deflated by the consumer 
price index,? 

Xı= Index of prices received by farmers, de- 
flated by the index of prices paid by 

l farmers,* 

Xs=Index of productivity (technology) in 
agriculture,’ 


2 [13], various issues. 

3 Index of the composite wage rate (1957-59 =100) be 
deflated by the consumer price index (1957~59= 100) [13]. 

4 Index of prices received by farmers (1957-59= 100) 
{10, 13], deflated by the national index of prices paid by 
farmers for productive inputs (1957-59 = 100) be ]. 

5 Agriculture productivity (1957-59 =100) [13] is used 
as a proxy variable for technology. 
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Table 2. Simultaneous equation regression coefficients for the U. S. (1941-1969) 
; Prices 
Model : Index “Corrected” 
and Constant i Beal a raved of a Ft nonfarm Peay, 
equation wag i q technology income Toen TA 
mic: : 
Demand 1927.77 —16.995 8.347 4.701 x= 188 — — 
(4.0)** 8.5 (1.4)* (.9) 
Supply 1112.09 4.881 = -_ 5.673 704 —24.953 24.705 
(1.0) (.9) @G.1)** (4.1)** (1.9)** 





* Significantly different from zero at Hie efi level; figures in parentheses=i-values. 
t e (a) 


** Significantly different from zero a level. 


X3= Time trend dummy variable, 

Xı= Nonfarm income “corrected” for unem- 
ployment and deflated by the consumer 
price index,’ 


and 
Xs= Index of unemployment." 


Equations (1) and (2) were estimated by two- 
stage least squares regression, treating both 
Y, and F; as endogenous variables. This model 
differs from Schuh’s model in that unemploy- 
ment replaces the civilian labor force variable 
in the supply equation. Since there is very high 
moulticollinearity between size of the civilian 
labor force and almost all other variables in- 
cluded in the supply equation, this variable was 
omitted and unemployment was used in its 
place. 

Results from the data period 1941-1969 are 
presented in Table 2.8 A model using the civilian 
labor force variable instead of the unemploy- 
ment variable was also tested. This model was 
rejected because of consistently high multi- 
collinearity between real farm wages and the 
civilian labor force versus virtually no multi- 
collinearity problems between real farm wages 
and unemployment. Elasticity estimates cal- 
culated at the point of means for the U. S. are 
shown in Table 3. 

As Table 3 shows, the increase in short-run 
elasticity since the 1930-1958 period has been 
remarkably persistent. In fact, a nationwide 
shift to an elastic short-run demand schedule 
may not be far away. 


* Nonfarm income [15] multiplied by percent of the total 
labor force employed [15] and deflated by the consumer 
price index (1957-59 = 100) [13]. 

? Unemployment rate [15]. 

* This model was used on a progression of data periods, 
starting with 1930-1958 and ending with 1941-1969. Only 
the last data period is illustrated in Table 2. Elasticity 
estimates from each period will be presented. 


Serial correlation of the error term causes 
inefficient estimates in standard regression 
models but leads to inconsistent parameter esti- 
mates in autoregressive models [4, p. 36]. The 
maximum likelihood estimate of the coefficient 
of serial correlation was obtained and tested as 
suggested in a recent article by Durbin [2, p. 
420]. For both the demand and supply equa- 
tions, the lagged residual coefficients were 
insignificant at the 10 percent level. It may be 
concluded that no serial correlation exists 
among the residuals. 

A static model was formed by dropping the 
lagged dependent variable term from both the 
demand and supply equations. This model pro- 
duced a wage elasticity estimate of —1.01 for 
the 1941-1969 data period. The static elasticity 
is between the short-run and long-run dynamic 
estimates. This same equation was then trans- 
formed to logarithmic form and again used the 
last data period. The resulting wage elasticity 
estimate was —0.84, compared to —0.85 using 
the model developed for Table 2. These results 
indicate that a variety of models confirm a 








Table 3. Demand elasticities for the U. S. 
. . Short-run Long-run 
Time period elasticity elasticity 
1930-1958 — .219 — .527 
1931-1959 — .335 — .545 
1932-1960 — .515 — 523 
1933-1961 — .533 — 540 
1934-1962 — .572 * 
1935-1963 — .598 s 
1936-1964 — .637 * 
1937-1965 — .610 — .659 
1938-1966 — .734 — .827 
1939-1967 — .740 — 953 
1940-1968 — .725 —1.030 
1941-1969 — .854 — 1.052 
1941-1969 at 1969 levels —1.981 —2.441 





* Omitted because of a negative and insignificant coeffi- 
cient for Fi- 
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Table 4. Simultaneous equation regression coefficients for Oregon (1951-1970) 





Prices 








g . “Corrected” sats 
Model and Real farm ved Index of Time Civilian 
equation Constant wage prices technology trend Fria nonfarm labor force 
paid 
Dynamic Model: 
Demand 53.62 —0.446 0.040 . 0.023 — 0.495 — — 
(2.5)** (0.4) (0.2) (3.0)** 
Supply 14.35 1.09 — — 1.41 0.22 —0.99 —(, 088 
ey (1.7)* (2.3) (1.2) (2.2) (2.4 
Demand 83.00 —0.880 0.225 0.128 = ie -> = 
(7.2)" (2.2)* (1.1) 
Supply 18.00 1.29 — — 1.58 — —1.16 —0.10* 
: (2.2) (2.6)** (2.7)** (2.9)™ 





* Incorrect sign. f 
* Significantly different from zero at the 1 
** Significantly different from zero at the 5% level. 


progression of the short-run wage elasticity of 
demand toward an elastic condition. 

It appears, therefore, that the differences 
between cross-section studies and the time- 
series studies of Table 1 are not due to the type 
of analysis used. Rather, differences probably 
reflect the fact that the time-series studies were 
concluded just before wage elasticity of demand 
began a steady upturn. Given the trend identi- 
fied in Table 3, it may be hypothesized that 
several states must be well into the elastic phase 
of their demand curves. This hypothesis will be 
tested for the State of Oregon. 


Oregon’s Hired Farm Labor Market 


Additional data problems arise with analysis 
on a state basis. First, a choice of the relevant 
geographic region from which to draw unem- 
ployment data and nonfarm income data must 
be made. Since there is evidence that the popu- 
lation is becoming more mobile, it is assumed 
that regional data for these variables are ap- 
propriate. This assumption is likely to be valid 
for Oregon since a relatively high proportion of 





level; figures in parentheses=#-values. 


the farm labor force is made up of migrant 
workers. However, local unemployment data 
from earlier time periods are expected to be 
subject to greater error than the aggregate U. S. 
data would be. For this reason both a civilian 
labor force model and an unemployment model 
were tested. The unemployment model was 
rejected because of its poor fit for the supply 
equation; all supply coefficients were insignifi- 
cant. Finally, the national data for prices re- 
ceived and prices paid by farmers, and the 
national] technology index, were used as proxies 
for Oregon Data. 

Statistical results for the civilian labor force 
model are presented in Table 4. The coefficients 
appear to be satisfactory with the exception of 
the civilian labor force variable. The fact that 
the civilian labor force coefficient is negative 
and significant indicates that this variable is 
probably not measuring what it was intended to 
measure. Since some variable of this type is 
theoretically important, and since the model 
improves only marginally when it is dropped, 
it was left in. 











Table 5. Demand and supply elasticities for Oregon" 
Model and Coefficient Real farm wages Real farm prices 
equation of 

adjustment short long short long 
Demand at means 0.505 1.64 —3.25 0.14 0.32 
at 1970 0.505 —2.23 —4.42 0.18 0.36 

Supply at means 0.78 4.02 5.15 — — 

at 1970 0.78 5.46 6.00 — — 





* Dynamic model. 
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The time trend dummy variable was dropped 
from the demand equation.® This variable was 
included originally to minimize any bias in the 
coefficient of the lagged dependent variable 
which might have resulted from specification 
error. However, time was found to be highly 
correlated with productivity, and both were 
insignificant in the demand equation. The index 
of productivity was retained as a proxy for 
technology on theoretical grounds. Specifica- 
tion bias, which would have been picked up by 
the time dummy, should also be picked up by 
the productivity index due to the high correla- 
tion between the two. Time was retained in the 
supply equation where multicollinearity prob- 
lems were less severe. 

This model was also tested for serial correla- 
tion of the error term using the method outlined 
earlier. Lagged residual coefficients were again 
insignificant at the 10 percent level, indicating 
no serial correlation. Elasticities computed at 
the point of means and at 1970 levels are pre- 
sented in Table 5.'° 

The important relationship to note in Table 
5 is that demand is elastic, even in the short- 


» The wage elasticity estimates for the demand equation, 
including time as a variable, were slightly higher than the 
elasticity estimates presented in Table 5. Therefore, both 
models would lead to the same conclusion. 

10 The rejected unemployment model mentioned earlier 
produced a very similar demand equation with a short-run 
wage elasticity of — 1.44 and a long-run elasticity of — 2.67. 
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run. The rising agricultural wage, increasing 
level of capital-using technology, and increas- 
ing threat of labor strikes have all contributed 
toward a shift away from hired farm labor. 
An insignificant technology variable may come 
as somewhat of a surprise. Agriculture can, 
however, shift away from hired labor even in 
the absence of new harvesting, thinning, or 
conditioning machinery. Farmers merely move 
to a less labor-intensive crop. Rising wages, the 
threat of strikes, the required upgrading of 
worker housing and, in some cases, the en- 
couragement of bankers, all encourage such a 
move. The rapid shift away from hand-har- 
vested pole beans and strawberries in Oregon 
reflects, in part, this trend. Often a shift of this 
type is accompanied by new technology for the 
replacement crop, but this need not be the case. 


Conclusion 


There is no conflict between the wage elas- 
ticity of demand estimates obtained from time- 
series and from cross-section or production 
function models. Both indicate that the hired 
farm labor market is entering an elastic phase, 
even in the short run. At least one state, Ore- 
gon, is already well into the elastic portion of 


‘its demand curve. The results suggest that it is 


important for states entering this phase to re- 
think policies formulated to aid farm workers 
during a period when demand was more in- 
elastic. 
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Impact of Aggregation on the Estimation of Outdoor Recreation 
Demand Functions* 


Warum G. Brown anb Farm Nawas 


This research indicates that aggregating data tends to cause multicollinearity and difficulty in 
estimating the parameters of recreation demand functions. Gains in efficiency of estimation of 
several hundred percent could often be obtained by using individual observations, rather than 
the traditional zone averages, as illustrated with an empirical example. 


LTHOUGH it has long been known that the 
correlation between variables tends to 
increase when observations are grouped 

efficiently [5], research on this topic was pri- 
marily motivated by an interest in measuring 
the efficiency of estimation of Engel curves 
where observations were grouped by various 
methods. Possibly for this reason the important 
implications of increased correlation for grouped 
variables to the case of estimation of relation- 
ships involving many explanatory variables re- 
ceived scant attention. 

Increased correlation among several explana- 
tory variables from aggregation leads to in- 
creased difficulties with multicollinearity. This 
problem could often be alleviated simply by 
using less aggregated data. The use of less ag- 
gregated data may also help overcome specifi- 
cation problems in estimating such models as 
the demand for outdoor recreation. These con- 
tentions will be illustrated by an empirical esti- 
mation of demand for Oregon hunting. 


A Commonly Employed Demand Model 
for Outdoor Recreation 


The most commonly employed approach for 
estimating outdoor recreation demand is based 
upon the pioneering research of Clawson [3]. 
This approach attempts to measure recreational 
benefits by first estimating the inverse relation 
between transfer costs and participation rates. 
Tf it is assumed that the population of consum- 
ers is essentially homogeneous from one distance 


zone to another, then it can be argued that con- 


Og an 1 
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sumption—transfer cost combinations trace out 
a demand relationship, since geographical loca- 
tion exerts a kind of experimental control, forc- 
ing the more distant consumers to bear heavier 
travel and related transfer costs. 

Although some have argued that the Clawson 
approach is inappropriate or needs modification 
for one or more reasons [1, 6, 12], it has pro- 
vided the basis for most estimations of outdoor 
recreational benefits. ; 

One serious difficulty with the traditional 
Clawson approach results from the high correla- 
tion between increased distance and increased 
travel time, which tends to result in an under- 
estimate of value for a particular outdoor at- 
traction, as noted by Knetsch in 1963 [7] and 
recently reiterated by Cesario and Knetsch: 


Perhaps the most serious difficulty of the travel 
cost method, as it has been applied in the past, 
is a consistent bias in the derived demand curve. 
This difficulty results from the basic assumption 
that the disutility of overcoming distance is a 
function only of money cost. This assumption 
is not correct. The effect of distance is likely to 
be a function of the time involved in making the 
trip, as well as the monetary cost.... [2, p. 
702] 


Along with the increase in travel time re- 
quired as distance increases, Clawson and 
Knetsch [4] have noted that alternative recrea- 
tional opportunities also become relatively 
cheaper in travel and related transfer costs as 
distance increases. Thus a strong negative bias 
could be expected to result collectively from the 
complicating factors of increased travel time, 
substitute attractions, and heterogeneity of 
participants among the various distance zones. 

Thus it appears that these recreation demand 
functions have been poorly specified.! It would 
therefore seem highly desirable to eliminate or 


1 Danger of bias resulting from omission of one or more 
relevant variables in economic research was noted by 
Theil in 1957 [11]. A good, more recent statement of this 
problem is given by Malinvaud [9, pp. 263-266]. 
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reduce this bias, if possible, in the model speci- 
fication and demand estimation procedures. 


Accounting for Increased Travel Time 
and Related Factors 


Given the importance of increased distance 
on the negative factors of travel time and alter- 
native recreational opportunities, the inclusion 
of a separate variable, such as travel time per 
distance zone, would appear to be needed. Thus, 
visit rate could be expressed as a function of 
both money and time cost. However, as pointed 
out by Cesario and Knetsch [2], the difficulty 
has been that travel costs in monetary outlay 
and time are usually highly correlated, making 
it very difficult to separate the effect of one 
from the other. 

An attempt to separate monetary from time 
costs was made in the 1964 Oregon Salmon- 
Steelhead study [1], where days of fishing were 
expressed as a function of transfer costs, family 
income, and average distance traveled per zone: 
However, the standard error for the coefficient 
of the distance traveled variable was large, indi- 
cating an unreliable estimate of the effect of this 
variable. Furthermore, including average dis- 
tance traveled tended to inflate the variance of 
the transfer cost variable because of the high 
intercorrelation between the two variables. 
Some researchers have simply omitted variables 
such as hours or miles traveled, perhaps not 
being sufficiently concerned about the resulting 
specification bias. 

What should the researcher do when con- 
fronted by the dilemma of multicollinearity on 
one hand and specification bias on the other? 
Cesario and Knetsch [2] have suggested an 
ingenious method for combining transfer costs 
and travel time into a single interacting vari- 
able. A disadvantage of their proposal is that 
the researcher must assume one or more specific 
trade-offs between monetary cost and time by 
the participants; however, it is this trade-off 
that ideally could be estimated directly from 
the sample information. It appears that this 
problem can be solved in most cases simply by 
avoiding the use of grouped (average) data. 


An Empirical Example | 
The objective of a recent study of the Oregon 
big game resource [10] was to estimate net 
economic value of the resource to big game 
hunters. The state was divided into five regions 
~—-northeast, northwest, central, southeast, and 
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southwest—each with certain distinctive char- 
acteristics. 

Through use of the Clawson approach usu- 
ally employed on this kind of problem, partici- 
pation rate-transfer cost relationships were 
estimated for each region. Hunters were aggre- 
gated into various distance zones, also a com- 
mon procedure. For example, the sample’s 248 
hunter families who hunted in the Northeast 
Oregon region were divided into 31 zones of 
eight families each. A participation rate-trans- 
fer cost relationship was estimated from the 31 
distance zone averages: 


P= 2.4141—0.008712X1;—0.007943X4;. 


— 1.252 — 3.749 
Ges ee 
== 0.604. 


P, denotes the predicted average number of 
hunter unit trips to be taken per hunting family 
in the jth distance zone; Xı denotes the average 
variable transfer cost per hunter trip in the jth 
distance zone and includes such hunting trip 
expenses as ammunition, lodging, licenses, and 
transportation at $0.05 per mile; X2; denotes the 
distance in miles of the jth distance zone to the 
Northeast Oregon hunting region. Numbers in 
parentheses below the coefficients are ¢ values.” 
The coefficient for the important transfer cost 
variable is not significant, even at the 20 percent 
level. However, if all information available from 
the sample is utilized to fit the same function in 
(1) to all 248 individual observations, the fol- 
lowing result is obtained: 


P, = 2.3906 —0.009218X1;—0.006932X4;. 
(2) (4.617) (—6.567) 
R?=0.321. l 


In Equation (2), all variables are the same 
as for (1) except that Î; now represents the 
predicted number of hunter trips of the ith 
hunting family in the jth distance zone, and 
X1; denotes the variable transfer cost per hunter 


2 We also estimated the effect of other variables such as 
hunting success, years of hunting experience, and income. 
However, although most of these variables were statistically 
significant, they had much less effect on the estimated 
economic value of Oregon big game and, therefore, have 
been omitted here to simplify the presentation. Also, 
another algebraic form of the demand function, the ex- 
ponential, gave better statistical results than the simple 
linear form. However, since the economic conclusions were 
similar in both cases, only the results from the linear func- 
tion are presented here. 


248 / Brown AND NAWAS 

trip of the ith hunting family. Thus values of 
the variables in Equation (1) are the zone aver- 
ages of the variables in Equation (2). In con- 
trast to the imprecise results in Equation (1), 
where it was difficult to disentangle the separate 
effects of variable transfer costs and distance, 
fitting of the function to individual data gives a 
much more precise estimate of the two separate 
effects, as shown by the high ż values in (2). Of 
course, the R? value for (2) is lower. However, 
economists are usually more concerned about 
the reliability of the estimates structural 
parameters. 

The estimated coefficient for X1, variable 
transfer cost, is especially important since im- 
puted net economic value is a function of this 
coefficient. Despite Knetsch’s 1963 article [7], 
most empirical estimates of outdoor recreation 
demand since that time have not included a 
separate distance or travel time variable, in 
addition to variable cost. However, if the dis- 
tance variable, Xa;, is omitted from Equations 
` (1) or (2) and then the net economic value is 
computed by means of consumer surplus, less 
than one-third as much value is obtained. Thus 
Knetsch’s argument for the importance of such 
a variable is substantiated, at least for Oregon 
hunting. 

Since not much difference existed between the 
coefficients of Equations (1) and (3), it might 
seem there was no great need for using indi- 
vidual observations rather than zone averages. 
This conclusion would not hold in general, 
however. For example, for the Central Cascade 
hunting area the same linear demand function 
as Equations (1) and (2), fitted to individual 
observations, gave 


P= 0.9439—0.005690X j,—0.005518X%, 
(3) (—3.091)  (—5.228) 


as compared to the same function fitted to the 
zone averages, 


P;=0.9503 —0.011688X;—0.003432.X3;. 
(4) (1.847)  (—1,818) 


As seen in the two equations above, a discrepant 
result is obtained from using the traditional 
zone average method; the estimate of the co- 
efficient of the transfer cost variable is probably 
twice too large in (4), judging from the more 
efficiently estimated coefficient and its variance 
in (3). 


f i Am. J. Agr. Econ. 


Reasons for Increased Efficiency 


There are two main reasons for loss of effi- 
ciency by using zone averages as compared to 
individual observations. First, it is usually not 
possible to have an efficient grouping for both 
the variable cost and distance variables simul- 
taneously. For transfer cost models tradition- 
ally used for estimating outdoor recreation, the 
grouping has usually been by distance only, 
which is a highly efficient grouping scheme for 
distance but not for the transfer cost variable. 

The second main reason for loss of efficiency 
arises from increased intercorrelation among ex- 
planatory variables when the data are grouped 
or averaged. Even though important, this as- 
pect of the problem appears to have been ne- 
glected. 

The preceding remarks can be illustrated by 
comparing the relative efficiencies of estimation 
of the parameters in Equations (2) versus (1), 
and (3) versus (4). For the Northeast Oregon 
hunting region, the relative efficiency of estima- 
tion from averaged observations compared to 
individual observations for the transfer cost 
coefficient can be obtained from the ratio of the 
variances of the coefficients, i.e., (.001997)? 
+ (.006958)? = .0824. Thus the efficiency of esti- 
mation from the averaged data for the impor- 
tant transfer cost variable is only about one- 
twelfth of that possible from the use of indi- 
vidual observations. 

A similar result is obtained by comparing the 
variances of the transfer cost variable for the 
Central Cascade hunting area, i.e., (.001841)? 
+ (.006328)*= 0.0846. Again, almost 12 times 
as large a sample would be needed to obtain the 
same precision from averaged observations as 
from the use of individual observations. 

Relative efficiency of estimation of the dis- 
tance coefficient from the use of averaged ob- 
servations in the preceding equations ranged 
from one-fourth to one-third of that from indi- 
vidual observations. Thus three to four times as 
large a sample would be needed to obtain the 
same precision from the averaged data as from 
the individual observations. 

The reason for less loss of efficiency in esti- 
mating the distance coefficient is that the data 
were grouped efficiently insofar as the distance 


. 3 These standard errors were obtained directly from the 
O.L.S. regression printout, The standard errors could also 
be obtained by dividing the coefficients by their respective 
t values. 
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variable was concerned [5]. Even so, a reduc- 
tion of sample size by a factor of three to four 
should not be disparaged. 

As noted above, loss-of efficiency from aver- 
aged data can arise from the increased inter- 
correlation of the explanatory variables. For 
the Northeast Oregon region, the correlation 
between transfer costs and distance, riz, in- 
creased from 0.4401 to 0.6947 when the data 
were grouped into distance zone averages. By 
inverting the matrices for this simple two—vari- 
able case, it can be seen that the variances of 
By and 8, are increased by a factor equal to 
1/1—ry?. Thus the increased variance for aver- 
aged data due to increased intercorrelation was 
equal to [1—(.4401)?]+ [1—(.6947)?]=1.56. 
For the Central Cascade area, increased vari- 
ance for averaged data due to increased inter- 
correlation was [1—(.3814)*]+ [1—(.7743)?] 
* 2.13. Increased intercorrelation played a sig- 
nificant role in reducing the efficiency of estima- 
tion from the averaged data, even though the 
degree of aggregation was not great with only 
about eight observations per distance zone. 


Implications for Future Research 


If the traditional Clawson formulation of out- 
door recreation is employed, the separate effect 
of distance should be measured, as recom- 
mended by Knetsch and coworkers [2, 7] to 
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prevent a specification bias in the estimation of 
the demand elasticity. However, to measure the 
separate effects of distance and other variables, 
the aggregation of the data into distance zone 
averages should be discouraged since a loss of 
efficiency and information is incurred by such 
aggregation. 

It should be noted that one advantage of the 
traditional zone aggregation approach is that 
individual differences in consumer preferences 
within zones are mitigated. Consequently, 
larger R? values are obtained than where indi- 
vidual observations are utilized. For certain 
problems of prediction or projection of aggre- 
gate visitation rates, some researchers may still 
prefer to use a type of zone aggregation. How- 
ever, if the objective is to measure individual 
effects of several variables, then the aggregation 
of data into distance zones would not be recom- 
mended. 

Because of the substantial expected loss of 
efficiency from aggregation, due either to ineffi- 
ciency from grouping and/or the increase in 
multicollinearity, aggregation of data should 
generally be minimized when the structural 
parameters of economic relationships are esti- 
mated. Current research in other areas at Ore- 
gon State University also indicates gains in eff- 
ciency of estimation by reducing the amount of 
aggregation of the basic data. 
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ONSTRUCTION of large econometric models 

began in earnest during the years of 

World War II, although some earlier 
pioneering examples are available. The past two 
decades, however, mark the period of relatively 
large and sustained expenditures of energy and 
resources on the construction of these models. 
Currently, large econometric models are daily 
becoming more numerous, 
cated,” larger, and certainly more popular. 
This rising tide of popularity has been tempo- 
rarily checked from time to time due to the 
occasional gross forecasting errors generated by 
these models, but on the whole these “credi- 
bility gaps” have been short-lived, and the 
increasing popularity of these devices has 
flowed on much like GNP and “Ole Man 


River.” Use of large-scale econometric models 


for forecasting is now widespread in both gov- 
ernment and industry. In addition, these mod- 
els are used by government policy makers for 
the calculation of policy multipliers, the evalu- 
ation of old policies, and for the ranking of 
prospective new ones. Despite the central im- 
portance some of these models have assumed in 
decision making, the process of systematic 
model evaluation seems, with some noticeable 
exceptions, to have received relatively little 
attention. At the very least the problem of 
model evaluation has lagged behind the frenetic 


* Portions of this paper were originally prepared for the 
Seminar on Criteria for Evaluation of Econometric Models 
(S. H. Hymans and H. T. Shapiro, co-chairmen) of the 
NBER-NSF Conference on Econometrics and Mathemat- 
ical Economics. I am grateful to members of this seminar 
for many helpful ideas and criticisms. 


Harorn T. Sumarmo ts a professor of economics and Di- 
rector of the Research Seminar in Quantitative Economics at 
tie University of Michigan. 
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more “‘sophisti- . 


activity in the area of model construction. Im- 
portant early work in model evaluation was 
done by Christ [6], Adelman [1], and Theil 


[28], among others, and more recently the stud- 


ies of Zarnowitz, Boschan and Moore [36], 
Evans, Haitovsky, and Treyz [11], Haitovsky. 
and Wallace [16], as well as the current NSF- 
NBER Seminar on the Comparison and Evalu- 
ation of U. S. Econometric Models [9], [12], 
and the recent (1969) NBER Conference on 
Research in Income and Wealth [17], have 
added considerably to our understanding of this 
area. Nevertheless it remains true that we still 
lack a clear and accepted analytical basis for the 
selection of proper criteria for model evalu- 
ation.’ Indeed, except for the simplest cases 
(nested hypothesis) the problem of evaluation 
and verification of single equation models is far 
from solved. In this latter area, although there 
are many more techniques available to aid in 
the process of model evaluation, there seems 
to be, among economists, no general agreement 
on the meaning and purpose of model verifica- 
tion. 

The purpose of this paper is to help clarify 
the notion of model verification, particularly in 
the empirical sciences and suggest how these 
considerations might “shape” our approach to 
the problem of the verification of large econo- 
metric models. I conclude that it is not possible 
to consider establishing either the truth or 
falsity of any theory about the structure of our 
economic environment, or the models that 
represent it, and we should instead, turn our 
attention to the purpose of economic theories 


1 This state of affairs was, in part, the motivation for the 
NBER-NSF seminar on Criteria for Evaluation of Econo- 
metric Models. For this seminar’s statement of the “state 
of the art,” see Dhrymes, eš al. [9]. 
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and from these objectives develop procedures 
for the evaluation of econometric models. The 
section below considers the problem of verifi- 
cation in the empirical sciences; the final section 
confronts the issue of model verification with 
respect to large econometric models. Hopefully 
the discussion will help improve our under- 
standing of the implications of the battery of 
statistical techniques we have been using. 


Verification in the Empirical Sciences? 


A scientist, whether he is a theorist or an 
experimenter (‘‘verifier” or tester), is concerned 
with putting forward statements (hypotheses, 
propositions) of various types and then testing 
them step by step. This paper, however, is not 
concerned with the analysis of the act of con- 
ceiving a new idea, or just how it happens that 
a new scientific theory occurs to, someone, but 
simply with one particular aspect of the overall 
procedure of scientific inquiry—the process of 
systematically testing new ideas. All new ideas, 
of course, must be subjected to some set of 
systematic tests if they are to be seriously 
entertained. The nature and the implication of 
these tests, however, differ markedly in the 
empirical sciences (e.g. economics) and the 
nonempirical sciences (e.g., formal mathematics 
and logic). 

Testing in the empirical sciences is concerned 
with confronting what we may call empirical 
theories, or theories that can be characterized 
as a set of propositions which are conceivably 
capable of being tested by observation and/or 
experience. The propositions of an empirical 
theory, therefore, are composed of synthetic 
statements or statements whose validity de- 
pends on the facts of experience. The proposi- 
tions of formal mathematics or logic on the 
other hand are composed of analytic statements, 
or statements that convey no information about 
the world of experience, These propositions are 
necessarily true (if free from logical contradic- 
tions) since they have no factual content. The 
validity of nonempirical theories therefore 
depends solely on definitions of the symbols 
they contain and the rules of deductive logic. 
For example, consider the following statement: 
“either some firms are monopolies or none 
are.” Such a statement conveys no information 
at all about firms, and thus no conceivable 
experience can refute it. This should not be 


2 For a more systematic and learned discussion of this 
issue see Ayer [2] and Popper [27]. 

3 This statement has the logical form “either X is true or 
X is not true.” ; 
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taken to mean that all analytic statements are 
useless. On the contrary, they very often reveal 
usages and relationships which we might other- 
wise not be conscious of. As a simple example, 
consider the following proposition: “If all 
households are net savers and all net savers 
accumulate capital, then all households accum- 
ulate capital.” Such a statement, while not 
logically refutable by any conceivable set of 
facts, does point to the derivable relation that 
all households accumulate capital. From the 
point of view of testing new theories or ideas, 
the key distinction between empirical and non- 
empirical theories is that the former may be 
free from logical contradiction and still be false. 
That is, empirical theories may fail, not be- 
cause they are formally defective, but because 
they fail other types of criteria based on ob- 
servation and/or experience.* 

Even in the empirical sciences, however, it is 
necessary to draw a distinction between practi- 
cal testing and testing in principle. There are 
many empirical propositions which we under- 
stand and in many cases believe, even though 
they have not in fact received any systematic 
testing. Many of these could be tested if we 
took the trouble, but others we could not test 
appropriately, even if we chose, as we lack the 
practical means of placing ourselves in the situ- 
ation where relevant observations can be made. 
Thus, although it is not practically possible to 
test such propositions at the moment, we can 
specify what set of observations would be 
necessary to carry out our test, once we are ina 
position to make such observations. The propo- 
sition that, “the inner core of Jupiter is white 
hot,” is an example of a statement that is test- 
able only in principle since an actual test must 
await our ability to bore into the interior of 
that planet. Nevertheless this theory on the 
temperature of Jupiter’s core qualifies as an 
empirical theory as its propositions are, in 
principle, testable by observation and ex- 
perience. 

In considering the appropriate set of pro- 
cedures to test the propositions of an empirical 
theory, the first step is to ensure that the theory 
(set of propositions) being advanced does in fact 


t Metaphysical theories, of course, are not capable of nor 
in need of any type of testing. Consider the following meta- 
physical statement: “the Absolute enters into, but is itself 
incapable of evolution and progress” (F. H. Bradley, A p- 
pearance and Reality). One cannot conceive of either an 
observation which would enable one to determine whether 
or not the Absolute did or did not enter evolution and pro- 
gress, or a logical contradiction of that statement. Such a 
statement is not even in principle verifiable. 


252 ./  SHBAPRO 


fulfill the requirement of such a theoretical 
system. It should contain the following char- 
acteristics: 

(1) It should be composed of synthetic, 
rather than metaphysical or analytical 
statements. That is, the theory should 
represent both a noncontradictory and 
possible world (ie., a world of possible 
experience) where the validity of each of 
the theories or propositions may be 
tested by the facts of experience. That is, 

_ it must be possible for the ideas advanced 
to be refuted, in some sense, by experi- 
ence. 

(2) The theoretical system must be distin- 
guishable from other systems that repre- 
sent the world of experience in the sense 
that there will be a recognizable scientific 
advance should the propositions “pass” 
the various tests. 


The initial stage of testing a new theory con- 
sists of examining its various propositions along 
with other relevant statements to determine 
what logical relations exist between them such 
as equivalence, compatibility, and incompati- 
bility. The logical form of the theory is then 
examined to determine whether it is an empiri- 
cal, nonempirical, or metaphysical theory. 
Should all be in order at this stage, we can then 
begin actual testing by way of empirical appli- 
cations of the conclusions (statements) which 
form part of or have been derived from the new 
theory. This next stage involves facing the 
problem of model verification, or the problem of 
deciding whether or not the model truly repre- 
sents some specific aspect of the world of experi- 
ence; when we conceive of the task of model 
verification as the problem of establishing the 
truth of a particular set of synthetic statements 
(empirical theory), we must next specify what 
set of observations will accomplish this task. 
However, since our world of observation and/or 
experience is necessarily finite, we are faced 
with the well-known “problem of induction,” 
or the problem of deciding when, in the empiri- 
cal sciences, singular statements (summaries of 
our observations) can lead to universal ones 
(those of our theories). It seems clear that one 
is never justified in inferring universal state- 
ments from singular ones regardless of how 
numerous are the latter. No matter how many 
times we observe that increases in the supply 
of money are inflationary, the evidence will 
never justify, in a formal sense, the conclusion 


that all increases in the money supply are infla- ` 


_ (nonstochastic) relationship will hold. . . 
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tionary. Similarly, no matter how many white 
swans we see, it does not justify the statement 
that all swans are white. However strong the 
evidence in favor of a particular set of proposi- 
tions, there is never a point at which it is impos- 
sible for further experience to go against it. 
None of the empirical propositions of a theory 
are absolutely certain in the sense that their 
truth either has been or may be absolutely con- 
firmed. Science, simply does not have the power 
to decide the truth of its statements. Moreover, 
empirical science cannot, on the basis of obser- 
vation, establish the falsity of any empirical 
theory.® The “facts” of experience can never, 
on logical grounds, compel us to abandon a 
favorite hypothesis. Suppose we have devised 
an experiment to test the validity of a certain 
theory. All theoretical propositions state that 
under certain conditions a certain type of event 
(or observation) will occur. Thus when we make 
the observation predicted by the theory, it is 
not only the particular law that is substantiated 
but the existence of the requisite conditions. 
Tf we fail to make the predicted observations, 
we may say that conditions were not what they 
seemed to be and may construct a theory to 
explain how we were mistaken about them. Any 
particular instance in which a favorite hypothe- 
sis appears to be refuted can always be ex- 
plained away (particularly, as we shall see be- 
low, when dealing with nonexperimental models 
such as econometric models), although the sci- 
entist must be careful to retain the possibility 
that the hypothesis may ultimately be aban- 
doned under the “force of circumstances,” or 
the hypothesis can no longer be considered a 
genuine part of an empirical theory. Any em- 
pirical proposition we are resolved to maintain 
in the face of any experience is not a synthetic, 
but an analytic proposition. 

If empirical theories cannot be verified, we 
may also wonder how we can speak of objective 
scientific statements in the empirical sciences— 
i.e., statements that are independent of a par- 


5 There is a class of rather uninteresting empirical propo- 
sitions which can be verified conclusively by observations. 
These are propositions which simply convey the content of 
a single experience, e.g., “The sun rose yesterday.” How- 
ever, these types of propositions hardly constitute a theory. 
Similarly there is a class of empirical theories whose falsity 
can, in principle, be established. These are collections of 
propositions put forward in the following way: “Under 
every conceivable set of conditions the following exact 
.” In this latter 
case a single counter-example establishes the falsity of the 
theory. Neither of the two classes of theories, however, has 
any importance for the advancement of empirical science, 
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ticular investigator’s whim. The objectivity of 
empirical theories consists only in the require- 
ment that they be “intersubjectively testable.” 
Thus in the empirical sciences, scientific objec- 
tivity is simply interpreted as a methodological 
rule. Before a set of statements and tests can 
be eligible for introduction into a science, it 
must be possible to issue a precise set of instruc- 
tions that will enable other researchers to repro- 
duce the results exactly. 

If science cannot decide on the truth or falsity 
of its theories, how do we determine which hy- 
potheses shall be “retained” (used to guide ac- 
tion) and which shall be abandoned? The 
answer is readily available if we consider the 
reason for construction of theories and/or hy- 
potheses in the first place. People may construct 
theories for the ‘‘fun of it,” but scientists con- 


struct theories in order to help us better antici- ` 


pate or forecast some aspect of our world of 
experience. The principle objective of new em- 
pirical theories is to enable us to make more 
accurate predictions. To put the matter another 
way, empirical theories can be thought of as 
rules which govern our expectation of future 
events. What I would suggest, therefore, is that 
the validity of an empirical hypothesis can be 
“tested” (not verified) by seeing whether it 
actually fulfills the function for which it was 
designed. An experiment designed to “test” a 
particular proposition can be considered a 
“success” and the hypothesis corroborated if 
the results increase our willingness to use the 
hypothesis as a guide to future events or as a 
guide to action. The scientist’s desire to have an 
efficient set of rules for prediction induces him 
eventually to take notice of unfavorable ob- 
servations and abandon cherished hypotheses. 
Thus logically constructed models and the the- 
ories they represent cannot be verified in the 
empirical science, nor can their falsity be estab- 
lished. We can, however, think of a theory as 
temporarily corroborated if the tests to which 
it has been subjected increase the degree of 
confidence with which we await the fulfillment 
of “the prediction.’’* Therefore we should not 
speak of verification of econometric models but 
of continuous evaluation or corroboration of 
models whereby such models are subject to a 


$ Needless to say, the increased degree of confidence gen- 
erated by any “successful” test of a theory will depend on 
both the severity of the test (and previous ones) and the 
“degree of testability” of the theory (probability of being 
refuted). Nothing is simpler than to construct a theoretical 
system which is consistent with a certain set of facts, but 
this will not, by itself, fulfill the function of theories sug- 
gested above. 
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series of evaluative tests specified in the light 
of the particular uses to which it is desired to 
put the model. At best we ought to think of a 
model as being tentatively certified as a reason- 
able tool until it generates an error serious 
enough to shake our confidence or until it is 
replaced by a better unverified (“untrue”) 
model. In this context evaluation becomes a 
problem—dependent or decision—dependent pro- 
cess, differing from case to case as the proposed 
use of the model under consideration changes. 
Thus a particular model may be “validated” 
for one purpose and not for another. In each 
case the process of evaluation is designed to 
answer the question: Is this model fulfilling the 
stated purpose? We can then speak of the evalu- 
ation of these models as the process of attempt- 
ing to validate them for a series of purposes. 
Thus the motivation of model—builders or users 
becomes directly relevant to the evaluation of 
the models themselves. The “success” of a 
model can be measured by the extent to which 
it enables its user to decrease the frequency and 
consequences of wrong decisions. As Zarnowitz 
[34] has pointed out, the full application of 
even this more limited goal still poses very high 
informational requirements: the errors must be 
identifiable, the preferences of the -decision 
maker and the constraints under which he 
operates must be available, and the cost of pro- 
viding the model must be ascertained. 


The Evaluation of Large Econometric Models 


Construction and evaluation of large econo- 
metric models can be thought of as composed of 
two interrelated stages—formulation and esti- 
mation of model components and evaluation of 
the model as a whole. The first stage consists of 
a number of distinct activities. To begin with 
there is the formulation of a set of working 
hypotheses about the behavior of the system 
being modeled. At this point we use all available 
information—observations, general knowledge, 
relevant theory, and intuition. This stage also 
includes the specification of variables and func- 
tional relationships, sample selection, and the 
selection of appropriate estimation procedures.’ 
In principle all specification should be done at 
this stage, but a priori information may not be 


1 Howrey, et al. [19] pointed out that the method of esti- 
mation itself may also be partially a function of the use to 
which the model is to be put. The evaluation of any model 
should, of course, include an evaluation of the estimating 
procedures used. We do not comment on this aspect of the 
evaluation process here. For an interesting discussion of this 
issue see [19]. 
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rich enough to allow us this luxury. Some of the 
processes of model specification may have to be 
left until the second stage of the procedure 
(overall model evaluation). As with specifica- 
tion, the final determination of sample-size and 
estimation procedures may come in one of the 
later stages of the model building process as 
these latter procedures interact with the speci- 
fication process. Finally, this stage also includes 
attempts to validate the individual hypotheses 
on which the model will be based subject to the 
limitations of existing statistical tests, and final 
decisions regarding the method of estimation. 
As noted above, there are many unresolved 
problems regarding the appropriate procedures 
(including evaluation) in the initial stage, but 
this paper does not address these problems. 
Rather, we are more directly concerned with the 
second stage which considers procedures for 
the evaluation of the model as a whole. 

‘Given that model evaluation is a problem— 
dependent process, we must begin the process 
of evaluation by considering the uses to which 
the model will be put. For example, one may 
accept the Box—Jenkins purpose of model build- 
ing: “Parametric modeling attempts to discover 
the structure of a time series so that the re- 
siduals, after fitting the model, are purely 
random or white noise” [3]. Their suggested 
three-stage iterative procedure of specification, 
estimation, and residual analysis is exhaustive. 
For most economists, however, this approach 
would seem too narrow.® For most problems 
which economists concern themselves with and 
for which they will seek the help of large econo- 
metric models, it seems hard to escape the con- 
clusion that the purpose of these models, one 
way or another, is to predict some aspect of 
reality. Thus we are bound, at least initially, 
to be concerned with either the model’s retro- 
spective predictions (historical validation) or 
prospective predictions (forecasting). Even 
where the model is being used for policy analy- 
sis with no historical counterpart to the simu- 
lated series (except for the “control” solution), 
our confidence in the result (our willingness to 
use the results for decision-making) will almost 
certainly depend on the ability of the model to 
predict both within the sample and in the post- 


8 This paper does not consider directly the important 
“optimal predictor” theories of Box and Jenkins [3], 
Wiener—Kalmogorov [31], and Kalman and Bucy [23], 
or the various techniques of exponential smoothing [4]. 
Although these techniques have important uses, it does not 
seem to this author that at the current time they can have 
an important role in the evaluation of economic hypotheses. 
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sample period. Post-sample simulations are 
especially important for the purpose of hy- 
pothesis testing, as opposed to the procedures of . 
hypothesis searching which often characterize 
the “data mining” of the sample period. Our 
tests or evaluation procedures should initially 
center on the ability of the data generated by 
“historical” simulation experiments to conform 
to the actual data. These simulations might be 
either deterministic or stochastic and either 
static (one period) or dynamic (multiperiod) 
in nature. A minimal requirement would be the 
comparison of the simulated data generated by 
a deterministic single-period simulation with 
the data from the actual historical record (both 
within and outside the sample period). 
However, even if a model “passed” a some- 
what more demanding test of its ability to 
“track” the historical record (e.g., a deter- 
ministic multiperiod historical simulation), 
economists normally also want to investigate 
whether or not the model responded to various | 
types of stimuli in the fashion anticipated or 
suggested by economic theory or independent 
empirical observation. Quite aside from the in- 
dividual hypotheses underlying particular equa- 
tions in the system, economists have certain 
(not entirely independent) “reduced form” hy- 
potheses which they would demand ‘‘accept- 
able” models to conform to. As a profession we 
seem to have developed some more or less vague 
ideas about the magnitudes of various impact, 
dynamic, and steady-state multipliers as well 
as some prior notions about other dynamic 
characteristics that the model “should” ex- 
hibit. Despite Haavelmo’s early warning [14], 
however, we have, at least until the recent work 
of Howrey [20], failed to realize just how diffi- 
cult such tests are to design and carry out. Al- 
most all model evaluation procedures to date 
have employed nonstochastic simulation (with 
respect to both the equation error term and the 
sampling distribution of the estimated parame- 
ters) to generate the experimental data—a pro- 
cedure which is inadequate in testing dynamic 
theories. This set of issues was partly confronted 
again at a recent NBER conference concerned 
with whether or not an existing set of models 
reproduced adequately the cyclical swings ob- 
served in our economic system.’ It is difficult 
to catalogue what seems to be a minimal set of 
demands of this sort as needs and requirements 


°? Conference on Research in Income and Wealth, Har- 
vard University, November 14-15, 1969. For a summary in- 
troduction to these issues as they arose at this conference, 
see [17]. 
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vary according to the preferences and preju- 
dices of the researcher and the actual needs of 
the user. In any case, constraints imposed by 
these demands are, given the current state of 
knowledge, not overly stringent. Even if we 
consider the case of the government expendi- 
ture multiplier, where a relatively large amount 
of evidence has accumulated, “acceptable” 
estimates of its magnitude (both impact and 
steady-state) vary widely among different 
“accepted” models of the U. S. economy (see 
Fromm and Klein [12]). I will devote most of 
my attention, therefore, to the use of predictive 
tests in the evaluation of these models. 

We should also briefly consider, however, 
whether in all types of experiments the simu- 
lated data should be generated by stochastic or 
nonstochastic simulation procedures. Certainly 
stochastic simulation, if we have the necessary 
extra information (in practice we often ignore 
the problem of obtaining good estimates of the 
variance-covariance matrix of the disturbance 
process), will yield a more precise characteriza- 
tion of the model being used and thus increase 
the quality of the evaluation procedure. Fur- 
ther, if the model is nonlinear (most are these 
days), then the reduced form of the model is not 
the same as the nonstochastic solution [18]. 
Thus application of nonstochastic simulation 
procedures yields results that should not be ex- 
pected to be consistent with the properties of 
the actual reduced form of the model. The ques- 
tion of whether this difference is large or not 
remains to be tested. Preliminary experiments 
with the Wharton model suggest the difference 
is not great, but a more recent study by Haitov- 
sky and Wallace [14] suggests the contrary. 
When feasible, it seems advisable to use sto- 
chastic simulation to generate the experimental 
data. 

Evaluation of the predictive ability of a 
model is essentially a goodness of fit problem. 
Although there are a number of well developed 
statistical techniques ostensibly available for 
this purpose (many initially developed in the 
experimental design literature), econometric 
model builders have mainly restricted them- 
selves to simple graphical techniques (the fit 
“looks good”) or simple summary measures 
{root mean square error, Theil’s U Statistic) !° 


1 Howrey, et al. [19] recently suggested some difficulty 
with the root mean square error statistic (where small sam- 
ple properties are known), particularly when used to com- 
pare structural versus autoregressive models, or sample 
versus post sample performance of a given model. See also 
(9, section IIT]. 
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of the performance of certain key variables 
(i.e., GNP)..In a more recent paper, Haitovsky 
and Treyz [15] proposed a very interesting 
descriptive decomposition of the forecast error 
for an endogenous variable in a large econo- 
metric model. The decomposition identifies 
error components involving: (a) the structural 
equation explaining the variable in question, 
(b) the rest of the estimated structural system, 
(c) incorrect values of lagged endogenous vari- 
ables (in the case of dynamic simulations), (d) 
incorrect guesses about exogenous variables (in 
the case of an ex ante forecast), and (e) failure 
to make serial correlation “adjustments” for 
observed errors. In addition, a recent study by 
Muench, Rolnich, Wallace, and Weiler [25] 
provides a framework for the study of the ex 
post forecast distributions of the reduced form 
of large non-linear econometric models and 
provides a valuable new addition to our evalua- 
tive procedures. Some attention has also been 
given to the development of a statistic analo- 
gous to the single-equation R*, to be used to 
test the hypothesis that 8=0, where £ is the 
coefficient vector of the system of equations 
under consideration. An interesting and com- 
plete discussion of this issue can be found in 
Dhrymes [10, ch. 5]; he defines such a statistic 
but finds that it is dependent on the unknown 
covariance parameters of the joint distribution 
of the error terms of the system. While Dhrymes 
also derives an alternate test procedure regard- 
ing the goodness of fit of the reduced form, this 
procedure involves the restriction that the num- 
ber of variables in the model (endogenous and 
exogenous) be less than the total number of 
observations—a restriction not generally ful- 
filled by large econometric models. The trace 
correlation statistic suggested by Hooper (based 
on estimates of canonical correlations) is closely 
related to the statistic suggested by Dhrymes, 
but its distribution seems quite untractable 
although Hooper has given an approximate 
expression for the asymptotic variance of the 
statistic. In a paper presented at the European 
meetings of the Econometric Society in Buda- 
pest, 1972, Carter and Nagar [5] suggested a 
new measure which makes use of the covariance 
structure of the reduced form disturbances and 
whose asymptotic distribution is known. This 
latter measure is an interesting and useful addi- 
tion, but many problems still remain. 

The principle technique suggested in the ex- 
perimental design literature for testing goodness 
of fit of actual data to simulated data is the 
Analysis of Variance. There are, however, a 
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number of difficulties in applying these tech- 
niques to data generated by large econometric 
models. 


\ 

(a) The associated F and Chi-square tests 
depend on normality, constant variance, and 
statistical independence, conditions not gen- 
erally satisfied by the data series generated 
by econometric models. l 

(b) Full factorial design for large nonlinear 
models (including all levels of the exogenous 
variables and the parameters describing dis- 
tribution of the error term) quickly produces 
an unmanageably large number of cells if 
more than a few factors are investigated. 

(c) It may be difficult to establish un- 
biased categories for classification of data. 
Occasionally a “natural” set of categories 
suggests itself. (See Zarnowitz’s analysis of 
turning point errors [33].) 

(d) In most interesting applications with 
large econometric models, we have what is 
known as a “multiple response problem.” 
That is, we are interested in more than one 
characterization of the outcome of the experi- 
ment. If one wishes to use the analysis of 
variance, there are only two possibilities: 
treat the outcome as one of many experiments 
each with a single response, or combine all the 
responses (endogenous variables of interest) 
into a single response. This latter procedure, 
of course, involves the explicit formulation 
of the utility function of the user—a difficult 
but perhaps healthy situation. (For an in- 
teresting attempt to solve the multiple re- 
sponse problem see Fromm and Taubman 
[13] and Theil [28, 30].) 


Other techniques common in experimental 
design literature are regression analysis and 
spectral analysis. With simple regression an- 
alysis we simply regress actual values on the 
predicted values of a series and test whether the 
resulting equations have “zero” intercepts and 
slopes not significantly different from unity (see 


Cohen and Cyert [7] and Hymans [21]). This. 


general technique has also been extensively 
used by Theil [28], but as usual he has extended 
it and forced it to yield additional information. 
By regressing predicted values on actual values 
and actual values lagged a period, Theil is also 
able to investigate if predicted changes tend to 
be biased toward recent actual changes or not. 
Theil’s inequality coefficient and its decomposi- 
tion into elements of-bias, variance, and covari- 
ance is very closely related to this type of analy- 
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sis (although it refers to a regression of actual 
changes on predicted changes) and offers a great 
deal more information including some informa- 
tion on the tendency of the model to make turn- 
ing point errors. Mincer and Zarnowitz [24] 
have provided some further development of 
Theil’s procedure and have also suggested an 
additional measure of forecast error—the rela- 
tive mean squared error. The latter is particu- 
larly interesting by virtue of its attempt to com- 
pare the costs and benefits of forecasts derived 
from alternative models of the economic process. 

Spectral .(cross-spectral) analysis is a statisti- 
cal technique that can be used to obtain a fre- 
quency decomposition of the variance (covari- 
ance) of a univariate (bivariate) stochastic 
process. There are several ways in which spec- 
trum analytic techniques might be used in the 
evaluation of econometric models. Naylor, e al. 
[26] suggest that the spectra estimated from 
simulated data be compared with the spectra 
estimated directly from actual data. Howrey 
[20] has pointed out that for linear models the 
spectrum implied by a model can be derived 
directly from the model and the stochastic 
simulation of the model is therefore not needed 
to make this comparison. Another application 
of spectral techniques is to test estimates of the 
structural or reduced~form disturbances for 
serial correlation, an important step in the Box- 
Jenkins modeling procedure. 

Cross-spectral analysis can be used to investi- 
gate the relationship between predicted and 
actual values. That is, Theil procedures can be 
extended to the frequency domain using cross~ 
spectrum analysis. This permits statistical test- 
ing of more general hypotheses about the rela- 
tionship of actual and predicted values. 

An important advantage of spectral analysis 
is that it is a nonparametric approach to data 
analysis. Thus it is a particularly useful device 
in situations in which little prior knowledge is 
available about the relationships under investi- 
gation. In addition, spectral methods do not 
depend on the statistical independence of the 
generated data points; they only require that . 
the process generating the data be stationary 
to the second order. In order to discriminate 
among a number of similar hypotheses, a large 
number of observations may be required. More- 
over, significance tests that are available depend 
on the assumption of normality of the underly- 
ing process or on a sample size that is large 
enough so that a form of the central limit the- 
orem can be envoked. What little empirical 
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experience has been accumulated in connection 
with the use of spectral analysis to investigate 
econometric models suggests that the technique 
can be used quite effectively to investigate cer- 
tain dynamic properties of econometric models. 

By way of summarizing this necessarily broad 
discussion, I would like to present, in outline 
form, the range of descriptive measures which 
have been found to be useful in assessing the 
forecasting performance and other relevant 
characteristics of large scale econometric mod- 
els. While some of these measures can be sub- 
jected to classical statistical tests, most are—at 
this stage of our knowledge—merely descriptive 
and geared to specialized model uses. Many of 
these procedures can be traced to the writings of 
Zarnowitz and his co-workers [33, 34, 35, 36], 
Evans, Haitovsky and Treyz [11], Box and 
Jenkins [3], and Theil [28]. 


An Outline of Nonparametric Measures"! 


A. Single-variable measures 


(1) Mean forecast error (changes and levels) 
(2) Mean absolute forecast error (changes 
and levels) 
(3) Mean squared error (changes and levels) 
(4) Any of the above relative to: 
(a) the level of variability of the vari- 
able being predicted 
(b) a measure of “acceptable” forecast 
error for alternative forecasting 
needs and horizons 


B. Tracking measures 


(1) Number of turning points missed 

(2) Number of turning points falsely pre- 
dicted 

(3) Number of under- or overpredictions 

(4) Rank correlation of predicted and ac- 
tual changes (within a subset of ‘im- 
portant” actual movements) 

(5) Various tests of randomness 


4 This outline is taken from [9]. 
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(a) of directional predictions 
(b) of predicted turning points 


C. Error decompositions 


(1) Comparison with various “naive” fore- 
casts}? 

(2) Comparison with “judgmental,” ‘‘con- 
sensus,” or other noneconometric fore- 
casts ; 

(3) Comparison with other econometric 
forecasts ` 


D. Cyclical and dynamic properties 
(1) Impact and dynamic multipliers 
(2) Frequency response characteristics. 


The measures outlined have been found to be 
suitable for a wide variety of purposes, and 
surely a user’s confidence in any particular 
model would grow in proportion to the number 
of positive results yielded by such of these 
measures as seem relevant to the use in ques- 
tion. Several recent studies, [16, 22], and espe- 
cially the Cooper—Jorgenson study [8], have 
made a valuable contribution by standardizing 
both the period of fit and the technique of esti- 
mation across alternative models prior to con- 
ducting intermodel comparisons."* Further, a 
recent paper by Fromm and Klein [12] sum- 
marizes the work of the ongoing NBER-NSF 
seminar in The Comparison of Econometric 
Models and provides both new information and 
new ideas in this area. f 

Models will be used for decision making, and 
therefore their evaluation ought to be tied to 
optimization of these decisions. The question 
we have to ask ourselves, then, is what series of 
tests and/or procedures will be sufficient to 
achieve a particular level of confidence in the 
use of a model for a certain specified purpose? 

4 The procedures of Box and Jenkins [3] may be particu- 
larly powerful in helping to identify the autoregressive pro- 
cedures which would best serve as “naive” alternatives to 
a structural model. 


1 See [19] for arguments regarding the controls needed in 
such standardization attempts. 
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Implications to and from Economic Theory 
in Models of Complex Systems 


Gary Frome 


HE role of economic theory in econometric 

models has been controversial for many 

years. In part this stems from the theories 
themselves. Disagreements between and about 
theories have carried over into disagreements 
about the econometric models into which the 
theories are imbedded. Attempts to discredit 
theories have led to broad attacks on model 
building, estimation methods, and simulation 
results. Debates on monetarist vs. Keynesian 
formulations on primary factors controlling 
output paths of the economy (for example, 
Friedman os. Heller [26]) have had their coun- 
terparts in attacks on the usefulness of associ- 
ated models—St. Louis Federal Reserve Bank 
[3] and Laffer-Ranson vs. Brookings [29], DHL 
[38], DRI [13], Fair [18], and Wharton [55]. 

Aside from disagreements about particular 
theories, econometric models have been chal- 
lenged on a number of fundamental issues. 
First, there is the question raised by Liu [52] 
whether the world, and models that depict it, 
is truly underidentified and whether it is possi- 
ble to specify a set of structural equations that 
truly represent behavioral decisions of economic 
entities, large or small. Second, others have 
argued that since the true determinants of be- 
havior cannot be observed or measured, it is 
useless to attempt to construct and estimate 
empirical systems. For instance, Basmann has 
averred that discussions about Keynesian-type 
consumption functions are moot because these 
equations only indirectly reflect utilities of 
quantities of income, leisure, and purchases, 
and their use. He has maintained that since the 
relationship between utility and observed in- 
come and expenditure is unmeasurable, it is 
inappropriate to estimate consumption-in- 
come relationships. 

A third point of issue centers on the problem 
of aggregation. There are some who believe that 
it only is sensible to construct models at the 
micro- or decision-unit level because behavior 
across units is disparate, and proper conditions 
for valid or reliable aggregation across units are 
unlikely to be met. In the extreme, this calls for 
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models of individuals, families, establishments, 
companies, and so forth, rather than population 
groups, industries, regions, and the economy as 
a whole. Because the costs of obtaining suffi- 
cient data and estimating micro-decision-unit 
models are high, some analysts with this view- 
point have resorted to a second-best alternative 
which utilizes limited aggregation, for example, 
at the level of markets and population sub- 
groups (cf. the work of Orcutt and associates 
(61]). 

Similar reasoning has been propounded in 
support of small, reduced-form models of the 
economy: as a whole, industries, or companies. 
The argument advanced is that it is impossible 
or too costly to construct complete structural or 
behavioral systems and that, in any event, these 
systems would be subjected to the same exoge- 
nous forces, albeit indirectly, as impinge on 
smaller, reduced-form condensations of under- 
lying structural relationships. Therefore, sup- 
posedly it is possible to proceed directly to esti- 
mation of small reduced-form models without 
the intermediate step of specifying underlying 
behavioral or structural details. 

Leaving the above issues aside, there has been 
skepticism about the efficacy of building empiri- 
cal models when errors of measurement are 
great, which may prevent estimation of parame- 
ters that have acceptable statistical properties 
(see Morgenstern [57]). Poor data can lead to 
biased, inconsistent, and inefficient coefficients 
and solutions, particularly when little is known 
about measurement-error distributions of key 
variables. 

Many of the arguments of widely different 
viewpoints on these issues have merit, even 
when the positions are extreme. For instance, 
ideal aggregation conditions rarely exist. Errors 
of measurement in national income accounts are 
sizable and bias forecasts and estimated equa- 
tion parameters (see Cole [9]), thereby weaken- 
ing the conclusions and policy prescriptions de- 
rivable from macroeconomic models. On the 
other hand, reduced form and aggregate-predic- 
tive rather than microbehavioral relationships 
may be required because economic theory is im- 
perfect and inexact and structural specifications 
are incomplete. 
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Other issues and limitations of economic the- 
ory and data could be cited. But rather than 
launch an extended debate into the nature of 
economic science, statistical inference, and 
models, a provocative but largely barren philo- 
sophical excursion, it is better to examine how 
model-builders have dealt with these problems 
in constructing complex systems that are useful 
for forecasting and policy analysis purposes.? 


Theory in Models 


Theory has many definitions, ranging from 
vague abstractions on the nature of a process to 
systematic and precise formulations of under- 
lying relationships and principles that account 
for observed phenomena. In its least rigorous 
and popular form, a theory is nothing more than 
a hypothesis, conjecture, or supposition. From 
this last standpoint, every model is dependent 
on theory, however naive and simplistic. 

Such a definition does not carry us far in be- 
ing able to differentiate between models and 
theories. The attempt to do so flounders in 
nuances about the interpretation of one variable 
or another and its functional relationship to 
underlying behavior. For example, in postulat- 
ing that consumption expenditures in the cur- 
rent period depend on income in the same 
period, is current income to be taken as a con- 
straint or as an indicator of present and ex- 
pected future earnings potential? This kind of 
question arises again and again. There are many 
different reasons (theories) that can be given as 
to why a particular variable (explanatory influ- 
ence) is included in a specific equation. 

‘Moreover, it is not unusual that a relation- 
ship specified using one theory can easily be 
transformed into a competing theory. For in- 
stance, in the Duesenberry-Eckstein-Fromm 
model [11] it was shown that the consumption 
function postulated under the relative-income 
hypothesis was equally consistent with the 
permanent income hypothesis. Complete sys- 
tem properties were unaffected by the choice of 
either alternative; only the interpretation of 
results of simulations and implications for gov- 
ernment fiscal policy differed. 

Aside from complications of the translatabil- 
ity of theories one into another, descriptions 
and assessments of the use of theory by model- 
builders is made more difficult because deriva- 


1 For disparate views on the role of theory and empirical 
analyses, see Robbins [64], Friedman [24], and Koopmans 
[49]. 
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tions of hypotheses from basic causal mecha- 
nisms frequently are completely omitted or are 
only vaguely indicated. General functional spe- 
cifications and expected signs of coefficients 
often are given, but this is insufficient to link an 
equation with a complete theory of behavior, 
therefore leaving the model-user (or critic) to 
draw his own inferences. This is especially 
troublesome when the equations are full or 
semi-reduced forms or are justified by ad hoc 
reasoning. 

In defense of model-builders, it should be 
noted that rarely is economic theory so rich or 
so encompassing that it is possible to relate 
micro-theory to macro-phenomena (cf. Gold- 
berger [31, 126]). Even when micro-theory pro- 
vides behavioral propositions, normally they 
refer to static or dynamic equilibrium states 
and not to the disequilibrium situations most 
characteristic of the real world. Most rigorous 
theoretical derivations of equation specifica- 
tions require stringent assumptions about ob- 
jective functions, the nature of uncertainty or 
the lack thereof, the efficiency of search pro- 
cesses, and convergence to desired states. In 
addition, when these specifications are applied 
to macro-economic data for empirical verifica- 
tion, heroic assumptions are needed to subvert 
aggregation difficulties.* Faced with these limi- 
tations, perhaps model-builders have little re- 
course, until theory and data are improved, 
than the reduced-form approximations that are 
so prevalent in econometric work. 

Then, too, the use of theory may be greater 
than it appears. Many functional forms im- 
plicitly, if not explicitly, have their basis in the 
behavioral hypotheses that economists hold so 
dear. While we cannot identify the precise the- 
ory that attaches to particular functions in a 
variety of models, it is possible to relate the 
equations back to a number of primary mech- 
anisms. These are common across a wide spec- 
trum of models and are described below. 


The Maximum Principle 


Since the time of Adam Smith, economic the- 
ory has relied heavily on the maximum prin- 
ciple. Consumers are said to maximize utility, 
firms maximize profits (or minimize costs), and 


2? See Theil [70]. For an interesting new approach for 
rama micro and macro phenomena, see Bergmann 
[5]. 

3 The importance of maximization in economics is illus- 
trated in Paul Samuelson’s address after being awarded the 
Nobel Prize [65]. 
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governments maximize national welfare. In gen- 
eral terms, much of.economic theory can be 
represented by: 

3 £n) 

3 Xn) <G. 


Maximize F = f(x, x2, > 
Subject to g(a1, £a, > > 


Consumption Functions 


Consumption functions in many models im- 
plicitly are related to the linear expenditure 
system of Klein and Rubin [48] and Stone [67]. 
It is based on the utility function: 


(1) U = dibs log (qs — ca) i = 1,-++, 0 


where U is utility, q’s are quantities purchased, 
d, b’s and c’s are fixed parameters, and the a’s 
can be interpreted as: minimum required pur- 
chases or state variables.* Maximizing (1) with 
respect to q; subject to a budget constraint 
y2Zipigi gives: 


(2) qi = cid; + dbs/rP; 


where A is the Lagrangian multiplier and repre- 
sents the marginal utility of income. Multiply- 
ing (2) through by f; and summing over all i, 
yields (setting the scale parameter such that 
Zib; = 1) : 


(3) a = d/(y — Eciasps), 

so that 

(4) qi = cit; + bily — Zevasp,) /dpi. 

A large number of variations are possible from 
this point. For example, multiplying (4) by 
p: gives 

(S) pigs = ciapi + (bi/d)y — (1/d) Zeiaipi, 

a consumption function in current dollars sim- 
ilar, when expressed in rate-of-change terms, to 
the formulation used in the DRI Model. Divid- 
ing the numerator and denominator of the last 
term in (4) by Zp; and expanding it into a linear 
approximation, yields 


(6) qi= bit cst; 
+O: (y— eiasp:)/Zpiteip:/Zps, 


which is akin to consumption equations in the 
Brookings, DHL, OBE, and Wharton models, 
where y/Zp, is constant dollar disposable in- 
come (or income less transfer payments for 
purchases of durables). The state variables in 


‘ Variations of this function provide for different defini- 
tions of the state variables. See Pollak [63] and Phlips [62]. 
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(6) can be defined to include past consumption 
of q; to represent capital stock or habituation 
effects. Other possible variations are to include 
liquid assets in the budget constraint (as in the 
FRB-MIT or. MPS models) and to assume tha 
a; or Zc,a;=0.5 i 

These relationships, of course, do not account 
for utility maximization over anticipated life- 
time consumption, income, and asset streams 
(the Modigliani life-cycle hypothesis). Chang- 
ing demographic distributions (the age-sex- 
family size mix) that influence aggregate con- 
sumption outlays can be incorporated as state 
variables (see Taubman [68] and Agrawala and 
Drinkwater [1]). Finally, in a dynamic setting 
account must be taken of expectational and 
inertial influences (such as permanent vs. transi- 
tory income, cf. Friedman [25]). This can be 
done by several techniques, which are described 
in a subsequent section on adjustment mech- 
anisms. 


Production Sector Relationships 

Maximization principles play a central role in 
the revitalized neoclassical theory of the firm, 
which has gained widespread acceptance and 
application in the last decade, particularly for 
the study of investment behavior. The analysis 
proceeds as follows. Let the production function 
for the firm be represented by: 


(7) Q = F(K, L) 


where Q is output, K is capital, and L is labor 
man-hours (additional input factors can be in- 
cluded without loss of generality) and the func- 
tion satisfies the usual necessary conditions on 
marginal products and differentiability. As- 
sume, too, that the firm is faced by a demand 
function given by i 


(8) p = G) 


and that it has the objective of maximizing 
profits (xr) 


0) x= pQ — wL — cK — M(F(K, L) — Q) 
— 3(G(Q) — p) 


ë The utility function could be , too, to an addi- 
tive quadratic as in Houthakker and Taylor [37]. How- 
ever, Taylor and Weiserbs [69] have recently found that 
this utility form may be subject to an important satiation 
defect. 

6 This is attributable in large measure to the work of Dale 
Jorgenson, see [41], and his survey of the literature in this 
field [42]. 
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where $ is product price, w is labor cost per 

manhour, c is the rental price of capital and M 

and A; are Lagrangian parameters. 
Differentiating (9) with respect to p, Q, L, 

and K, and solving the resulting set of equa- 

tions yields: ` 


OF c 

(10) — = — 
aK p(1 + 1/ea) 
ðE w 

(11) 


aL ea ete 


where ¢, is the price elasticity of demand.’ Spe- 
cifying the production function (7) as CES 


(12) Q= Aldak- + (i — d) L-»|-*/e 


and differentiating with respect to K, and 
setting the result equal to (10): 


OF 
= dvA—leQ Gtelv) K- 0+e) 
0K 

(13) 


c 
~ PAF 1/ea) 
so that 


(14) K* = (dvA--l)9Qe cree) (£ (1+ 1ed) 


where K* is the desired capital stock. 

Various simplifying assumptions now produce 
the gross investment functions (after allowing 
for dynamic adjustments and adding replace- 
ment investment) of most econometric models. 
Without exception, v, the economies of scale 
parameter, is assumed to be unity (the case of 
constant returns). Also, either output is as- 
sumed to be exogenously determined or the 
elasticity of demand is presumed to be high. 
Thus, (14) reduces to: 


(15) K* = r Ae 0(p/c) 


where the elasticity of substitution between 
capital and labor o=1/(i+ p). With c=0, 
factors of production are used in fixed propor- 
tions, the assumption in early studies of invest- 
ment and in the Fair Model. With o=1, the 
production function is Cobb-Douglas (assumed 
in the Brookings, DHL, OBE [50], and Whar- 
ton models). The Liu [53] and MPS models 
use a CES function with o~1 (although the 
elasticity is close to unity in the latter model). 


1 Note that since e= (80/9) (6/Q), Q8G/4Q= $/ ea. 
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The neoclassical approach and derivation 
above can be used to develop justifications for 
other production sector equations in macro- 
models. For example, using (11) and differenti- 
ating (12) with respect to L (with p=0 so that 
o=1) yields: 





(16) w 7 (i-doQ. 
p(1 + 1/ea) L* 
or 
_ (1/1 - DN wl 
a =G) Q 


where wL*/Q can be interpreted as actual or 
normal unit labor costs, ULC (actual labor 
compensation rates multiplied by labor require- 
ments at expected output levels), in the manner 
of Eckstein and Fromm [12]. The elasticity 
term can be interpreted as a markup factor, so 
that the equation can be written p=mULC, 
which, apart from dynamic adjustments, is the 
hypothesis imbedded in the Brookings, DHL, 
DRI, MPS, OBE, and Wharton models.® 

A related approach to the analysis of produc- 
tion sector relationships is that pioneered by 
Holt, Modigliani, Muth, and Simon [36] and 
more recently utilized by Childs [7] and Hay 
[35]. Here the objective of the firm again is to 
maximize profits or minimize costs, but subject 
to a multiplicity of constraints. A set of decision 
rules is derived which yield optimal inventory, 
production, and unfilled order levels. The inven- 
tory and orders functions bear a strong resem- 
blance to these equations in several macro- 
models. 

Yet, as Baumol [4] and others have indi- 
cated, this type of analysis may be inappropri- 
ate for model building, especially at the level 
of the firm, for several reasons.’ First, business- 
men may not maximize but could instead be 
satisfied with acceptable profits. Second, the 
production function or the optimum frontier 
(including the demand function) may be un- 
known. Third, businessmen may have greater 
familiarity with constraints on particular inputs 
than with overall limitations. Fourth, in multi- 
product, joint-production, joint-cost situations, 
there are multiple constraints and objectives, 


8 See Hymans [39] for a similar analysis of these func- 
tions and Nordhaus {60] for a comprehensive set of price 
equation derivations. 

9 See Naylor [59, pp. 1-25] for a synopsis and survey of 
the theory of the firm and its use in corporate simulation 
models. 
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and particular constraints may not be binding 
(that is, are redundant or unnecessary). In 
other words, the firm may not desire or achieve 
a position on the technological production possi- 
bility frontier, but instead be inside it. In this 
case, programming and simulation analyses 
may be applied more easily than neoclassical 
profit maximization or decision rules. The 
availability of data, or lack of it, also conditions 
the type of analysis that can be conducted.'° 


The Adjustment Process 


In this brief survey, it is impossible to cover 
many of the theories employed in complex sys- 
tems. Most are based on the concept that a 
desired stock or flow can be defined (say, assets, 
consumption, money holdings, inventories) as 
a function of a set of objective conditions. Neo- 
classical economics prescribes these as utility 
and profit objective functions to be maximized 
subject to technical and resource constraints. 
The desired states, of course, are not directly 
observable and, therefore, additional assump- 
tions are needed if empirical verification is to 
be carried out. 

The simplest assumption is that the economic 
system always is in equilibrium and that de- 
sired and actual states are identical. This is 
inherent in much neoclassical theory. For ex- 
ample, in the study of markets, Marshall postu- 
lated that discrepancies between quantities 
supplied and demanded would be eliminated by 
competitive adjustments of prices, while Walras 
hypothesized that changes in the level of pro- 
duction would be the adjusting force. The no- 
tion that the system need never be in static or 
dynamic equilibrium in the presence of sto- 
chastic shocks eluded both. 

Present day theorists and model-builders 
generally are not so naive. Most empirical for- 
mulations incorporate adjustment mechanisms 
that allow extended periods for desired and 
actual states to be different, although func- 
tionally related in convergent processes. Those 
most commonly used have been termed adap- 
tive expectations and partial adjustment meth- 
ods (cf. Griliches [33]). Let an asterisk denote a 
desired state; then under a simple form of the 


10 Tt ig instructive that only a limited number of econ- 
ometric models of firms or industries have been con- 
structed. Most of the studies described at a recent confer- 
ence on corporate models were of the flow-chart (simula- 
tion) or programming type. See Schreiber [66]. Examples of 
econometric models of firms or industries may be found in 
Klein [46]. See also [16, 21, 58]. 
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adaptive expectations hypothesis, 
(18) Xe" a x = (1 <—: b) (x — x) 


which upon successive substitution can be writ- 
ten as 


(19) tort = D> (1 — bbir. 
iml 


Assume now that 
(20) 


where #, is a random error term. Then 


Ye = Olya" + the 


(21) ye = a } (1 — bb x + te 
i= ‘ 


Performing the Koyck transformation of multi- 
plying (21) by b, lagging the result by one 
period and subtracting from (21) yields: 


(22) Y: = a(1 — bau. + bya + ti — bitii 


One linear version of the partial adjustment 
method assumes 


(23) ye — Yma = (1 — BDY — Yı) 
and 

(24) yið = ax, + the. 

Thus, 


(25) yi = a(1 — bay + byi + (1 — bju 


There is no difference between (22) and (25) 
except the stochastic error term. But this is im- 
portant because it influences the choice of esti- 
mation techniques, which affects the statistical 
properties of estimated parameters. For in- 
stance, if in (22) it is assumed that v= 4,—bu,_; 
is random, but in fact =ru te, with 0<r 
<b<1, then there is positive serial correlation 
of v. If this is not accounted for, inefficient 
estimates of a and b may be obtained. 

More complex forms of the adaptive expecta- 
tions or partial adjustment mechanisms lead to 
more complicated lag distributions and estima- 
tion problems.! Unfortunately, economic the- 
ory provides little guidance to model builders 
on adjustment processes. Eisner and Strotz [15] 
hypothesized that lag distributions could be 


_ dependent on speed-of-response costs, but little 


empirical work has been done to validate their 


u See Aigner [2] for a review of methods of obtaining 
efficient parameter estimates in the presence of autore- 
gressive moving average error patterns. 
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apptoach or to obtain data on regulatory, engi- 
neering, ordering, and delivery lags. As a conse- 
quence, reliance has been placed on a general 
specification such as: 


(26) 


The particular form of L; normally is selected 
arbitrarily by each investigator. Aside from 
specific lags or moving averages, the most re- 
strictive assumption found in most models is 
that L; exhibits a geometric decay. More flexible 
lag distributions that have been applied provide 
that the parameters of L; are generated by low- 
order polynomials. The nature of this arbitrarily 
chosen polynomial can have a marked influence 
on an equation’s parameters and error charac- 
teristics, thereby significantly altering overall 
prediction performance and structural behavior 
of the model in which it is imbedded (cf. Mad- 
dala and Rao [54]). 


Estimation Techniques 


The use of theory in specifying a model has 
an influence on its structure and on the choice 
of technique by which it is estimated. For ex- 
ample, let the model be represented by:'* 


(27) YT +XB=U 


where Y is an nxp matrix of endogenous vari- 
ables, X is an nxq matrix of predetermined vari- 
ables, U is an nxp matrix of error terms, and T 
and B are pxp and gxp coefficient matrices, re- 
spectively. Assume that T has off-diagonal ele- 
ments and is of full rank. Then a reduced form 
can be calculated such that 


(28) = — XBT- + Ur, 


Aside from variables included in X, theory may 
suggest additional instruments needed for con- 
sistent estimation. 

The properties of different estimators of (27) 
and (28) have received extended attention and 
new ones periodically are proposed. Ordinary 
least squares (OLS) estimates of (27) are known 
to be biased and inconsistent (but of minimum 
variance) while all simultaneous estimators are 
consistent. Direct OLS of the reduced form (28) 
is unbiased but may be less efficient than limited 


Yie = GDL ety + tte 


1 The notation follows that of Brundy and Jorgenson [6]. 

8 For example, Brundy and Jorgenson [6] have recently 
devised consistent and efficient limited- and full-informa- 
tion instrumental variable estimators for this system. 
Shortly thereafter Fair [19] extended these to cases in 
which U exhibits autoregressive errors. 
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information estimation of (27). But for the 
small samples usually encountered in econo- 
metric work,’ it is not yet clear which esti- 
mator is preferred. Full information methods 
lack robustness to specification error and can- 
not be applied when the number of observa- 
tions, n, is less than the total number (p-+q) of 
endogenous and predetermined variables (which 
is the case for the BEA, Brookings, DRI, MPS, 
and Wharton models).15 

More importantly, while these models are 
nearly linear in the parameters, they are non- 
linear in many variables. There is little informa- 
tion about the properties of different estimators 
for such nonlinear, simultaneous systems. Kele- 
jian [45] has shown that two-stage least squares 
is consistent, but the relative efficiency of this 
and other estimators remains to be determined. $ 


Macro-econometric Models: A Survey 


Different approaches to the use of theory in 
the specification and estimation of models are 
illustrated by a tabular survey prepared from 
materials submitted by participants in a model 
comparison seminar jointly sponsored by the 
National Science Foundation and the National 
Bureau of Economic Research. The ten models 
surveyed below differ in scale, purpose, and 
internal emphasis. Some of the disparities are 
great. Yet interchanges between model-builders 
and the continuing nature of model building 
have resulted in strikingly similar treatment in 
a number of areas (see Tables 1 and 2).!” 

The information content of the models should 
be assessed on various bases—the number of 
stochastic equations (especially those with feed- 
backs on complete system properties), the num- 
ber of exogenous variables and their ratio to 
stochastic and total variables, the number and 
importance of truly endogenous variables that 
are treated as exogenous, the extent of struc- 
tural detail (including number of policy instru- 


M See Johnston [40, 408-20], Christ [8, 477-81 and 
570-71], and Fair [19]. 

x Cf. Klein [46]. 

4 Brundy and Jorgenson [6] used Liu’s quarterly model 
[51] to test their estimators, but this system is almost per- 
fectly linear in F. The nonlinear. model tests of Goldfeld 
and Quandt [32] were shown by Edgerton [14] to be in 
error. Mitchell’s comparison of principal components and 
instrumental variable estimators with the Brookings model 
A inconclusive on the merits of either technique, see 
[56]. ; 

17 This is a slightly revised and condensed version of 
tables presented earlier by Fromm [27]. 
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ments), and the degree of reliance on anticipa- 
tions or attitudes data.'8 

Additional noteworthy features of the models 
may be found in Table 2. As can be seen, the 
Fair and DHL III models are primarily de- 
signed for forecasting, but the BEA, DRI, and 
Liu-Hwa models also include this as a prime 
objective. The St. Louis model, which is a 
highl y-condensed reduced form, has the avowed 
purpose of simulating short- and long-run 
trends under alternative monetary and fiscal 
policies. When these are held constant, the re- 
sults have been interpreted as predictions, al- 
though the model is not designed for forecasting 
in the usual sense. The MPS model, which has a 
substantial structural orientation, also is in- 
tended for examining the influence of fiscal and 
monetary policy actions but has been used for 
forecasting at the Federal Reserve Board. The 
chief aim of the Brookings model project is to 
advance the state of the art; specifications and 
approaches of this model are in part incor- 
porated in other medium- and large-scale 
systems. 

Various models utilize a number of different 
and interesting techniques in the specification 
of the same sectors. For example, the Fair model 
has disequilibrium demand and supply func- 
tions for housing starts, the BEA model has a 
short-run employment function which con- 
verges to a Cobb-Douglas production relation- 
ship at full capacity utilization, and the Brook- 
ings model converts industry prices to GNP 
component prices via an input-output matrix. 

As might be expected from their qualitative 
differences in structure and specification, the 
models reveal significant disparities in their 
income, interest rate, and price elasticities. To 
some extent this is due to choices of sample 
periods and estimation techniques. None of the 
models has an identical sample period (al- 
though all except the old Wharton model begin 
after the Korean War). Five models (MPS, 
BEA70, FRB St. Louis, DRI, and Brookings) 
rely primarily on ordinary least squares (OLS) 
estimation of coefficients while the rest em- 
ploy OLS and instrumental variables or two- 
stage least squares (TSLS) throughout. Addi- 
tionally, the MPS model averts serial correla- 
tion of residuals by applying first-order auto- 


18 Several studies have found that anticipations or atti- 
tudes add little or nothing to the explanation of consumer 
expenditures when a proper set of objective variables is 
used. See, for example, Juster and Wachtel [44]. 
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regressive corrections to a majority: of: its . 
stochastic equations. 
Consequently, if sample periods and estima- — 
tion techniques have a significant influence on 
coefficients, which previous experience reveals 
is the case, then intermodel comparisons of 
parameters are subject to question. Neverthe- 
less, it is surprising that several models reveal 
marginal propensities to consume (mpc) that, 
a priori, might be considered low, both in the 
short and in ‘the long run. The short-run 
mpc’s of the BEA, MPS, and old Wharton 
models are about 0.4, and their long-run mpc’s 
are approximately 0.7-0.8 (those for the Liu- 
Hwa model are even lower). The mpc’s for the 
DRI, Brookings, and DHL III models are 
somewhat higher in the short run and, in the 
long run are closer to 0.9-1.0 than the other 
models. l 

Information submitted on investment, 
money demand, and import elasticities at this 
juncture is incomplete and few conclusions can 
be reached. Signs of these elasticities accord 
with traditional theory. The most striking re- 
sult for investment in plant and equipment is 
the low long-run interest elasticity of such ex- 
penditures in most of the models. For the MPS 
model, which uses a rental price of capital 
variable, this elasticity was estimated to be 
about —0.4 in 1958 and 1965. 

Participants in the model comparison semi- 
nar have provided a heretofore unavailable set 
of complete system solution prediction root 
mean square errors (RMSE) within and out- 
side sample periods. These show great similarity - 
across models within sample periods of fit (a 
partial set of results is tabulated in Fromm 
and Klein [30]). For nominal GNP, the RMSE 
for one period solutions are about $3—4 billion 
for a 1961-67 solution interval, slightly less 
than a simple second-order autoregressive 
scheme. The models exhibit a buildup in RMSE 
as the number of solution periods is increased, 
but the RMSE grow at a gradual rate. 

For most of the models, the RMSE for real 
GNP are lower than for nominal GNP. This 
can be explained by errors in predicting prices, 
which generally tend to drift (with an upward 
bias). In percentage terms the errors for nomi- 
nal and real GNP in initial solution quarters 
range around 1 percent of the levels of these 
variables. Percentage errors are of comparable 
magnitude for other expenditure and income 
items (except inventory change).. Within- 
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sample errors of course are downward-biased 
measures of post-sample accuracy. Depending 
on the model, the RMSE are about twice as 
great outside sample periods as within sample 
periods for one-quarter solutions, and then grow 
larger. However, this mainly is due to bias; 
first-différence errors do not exhibit strong 
growth trends but are stable. 
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As noted by Fromm and Klein [30], “We are 
beginning to converge on a common and ac- 
ceptable range of errors for respectable models 
... and shall soon be able to associate tolerance 
(confidence) intervals with point forecasts.” 
While for unconditional forecasting these may 
not be superior to less elaborate methods (see 
Haitovsky and Treyz [34]), models have the 














Table 1. Structure of the models 
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Table 1. Continued 
Numberof Number of : 
Name Equations Variables? Principal Exogenous Variables Disaggregation of Pre Sere 
ri e Stochastic » Endogenous AD icy itruments : 
Technique «Identities e Exogenous Sector Financial Sector 
Wharton (old) 47 99 o Agricultural sect « Mfg. 3 Consumptio: 
* Policy var. (Govt. exp. discount 3 cnet Onis. regulated 
TSLS with 12 52 39 rate, net fres reserves/total * Nonmfg. and co; 
principal reserves security (nonfarm 1342 Inventory, Mig., nonmfg.) 
components contributions) i 1 Housing 
© World trade index, world prices private 1 Exports i 
» Population sector) 3 Imports 
e Productivity trend 2 Interest rates 
«7 Policy Instruments 
Wharton Mark II 67 201 e Corporate tax rates by sector « Mfg. 4 Consomptio: 
» Nonborrowed reserves, e Regulated 3 P&E Investment (Mf & Mining, 
OLS and TSLS 134 104 rediscount rate + Commercial regulated, perc) 
o Required res. ratio, a Govt. 1342 Inventory Mig, ú Inv.) 
sonal tax rate e Mining (exog.) 1 Housing 
tax rates . 1 Exports 
te treatment of (exogenous) 2 Imports 
f and S&L taxes) 
» Investment tax credit, 1145 Interest rates 
depreciation useful lives, 1 Commercial loans 
Social Security tax base 
and rete 
© 25 Policy Instruments 
(including 6 industry tax rates) 
Liu-Hwa 42 101 e Govt. exp., tax rates e Private nonfarm 4 Consumptio 
i er price index on food e Genl. govt. gi3 Fixed investment (equipment, 
Hendry estimation 59 14 Ratio of fine to required reserves structures, housing) 
method » Exports—Imports i inventory investment 
ts 


e 12 Policy Instruments 


6 2 Interest rates 





s Note The total number of equations plus identities may be larger than the number of endogenous variables due to disequilibrium and alternative 


advantage of conditional policy and structural 
analytical capabilities. 


From Models to Theory 


Deductive theories of economic processes 
give rise to models which, in turn, can be mani- 
pulated in generalized form (that is, without 
specific parameters) to produce additional 
theoretical insights. Econometric models bene- 
fit from such deductive models. But the flow 
from deductive theory is not necessarily uni- 
directional. Solutions of complex econometric 
systems can lead to improvements and modi- 
fications of theory. 

Solutions and simulations prepared for the 
model comparison seminar provide a number of 
suggestive results. For example, there seems to 
be little evidence that small models exhibit 
markedly superior predictive performance than 
large models. This conclusion is buttressed by 
the study of Fromm and Schink [28] in which 
prediction errors of condensed and large ver- 
sions of the Brookings model (with standardized 
sample periods, estimation methods, and struc- 
ture) were compared over a common simula- 
tion period; the larger model proved superior. 

Also, calculation of dynamic multipliers over 


a 10-year interval may shed some light on the 
amount of stimulus from alternative monetary 
and fiscal policy actions. Results from the semi- 
nar’s simulations show that, with the exception 
of the FRB St. Louis model, there is a good 
degree of agreement between models as to fiscal 
impacts (see Fromm and Klein [30]). One of 
the most interesting findings is that constant 
dollar GNP-government expenditure multi- 
pliers increase in a fluctuating path but then 
begin to decline and even become negative 
after a number of years. This phenomenon is 
not explained by monetary stringency (other 
simulations were run with the same fiscal ac- 
tions and with interest rates held constant). 
Textbook discussions of multipliers generally 
depict expenditure multipliers approaching 
positive asymptotes. Theory offers little to ac- 
count for these empirical results, which are 
common to several models. Additional simula- 
tions may provide the answer to this conflict 
with conventional wisdom. 

Policy analysis and theory also may benefit 
from simulations, see Theil [70], Fromm and 
Taubman [29], B. Friedman [23], and Treyz 
[72]. Without empirical verification, however, 
there is little assurance that the results of such 
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exercises are reliable, or that they should be 
applied for normative or policy purposes.!® 
Criteria for the evaluation of models have re- 


18 This is one of the most troublesome aspects of the 
work of Forrester [22], whose deductive model simulations 
(with assumed parameters) have been widely publicized 
notwithstanding that their accuracy or validity has never 
been determined. 
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ceived only limited attention (see Dhrymes, | 
ef al. [10]), and available methods for selecting 
among alternative hypotheses lack statistical 
power. Validation is essential if econometric 
models are to have appreciable impacts on 
theory and decisions of policy makers. The 
work of the NBER-NSF model comparison 
and criteria seminars is a step in that direction. 


Table 2. Structure of models: purpose and special features 



































Name Special Intention in the Structure of the Model Special Features in the Specification of Equations 

BEA 70 Building a structural Keynesian-type model aug- 1. P&E investment lag structure, determined by con- 

mented by wage-price equations for short-term volution of decision to appropriation and appro- 
forecasting and policy analysis. priation to expenditure lag weights. 
2. Short-run employment function which converges to 
Cobb-Douglas production function only at full ca- 
pacity. Also involves variable speed of adjustment. 
3. Model recomputes overall price deflator from 
, components, thus allowing for mixed effects. 

\ 4. Solves for statistical discrepancy as residual item 
and allocates excessive change among income com- 
ponents. 

5. Boundary constraint on maximum net borrowed 
reserves. 

Brookings Designed to integrate industry detail into simul- 1. Use of input-output analysis as an integral, simul- 

Condensed taneous structure of the model (condensed model taneous output and price determinant. 

(1970) collapses some detail). Objective is to advance 2. Disaggregated housing sector. 

state-of-the-art of model building and policy 3. Balance-of-payments sector (highly disaggregated 
analysis rather than emphasize short-term fore- in complete model). 
casting. 
DHL UI Designed for short-run forecasting. 1. Three main blocks—supply, expenditures, and 
(1972) income shares. 
2. Compensation via a Phillins-Lipsey mechanism. 
3. Prices depend on expected unit labor costs. 
4. Investment a stock-adjustment mechanism (same 
approach used for consumer durables). 
DRI Designed to provide a coherent view of future 1. Aggregate equation for corporate profits, 
(1970) developments of U. S. economy. 2. Industry detail as a recursive block (production, 
(Forecasting for eight quarters; longer term fore- sales, profits). 
casts, too) . 3. Short-term interest rates determine other rates via 
emphasis on short-term money markets. 
4, Breakdown of unemployment rates by age, sex, 
and race, 
5. Consumption functions are in current dollar terms. 

Fair Model designed primarily for forecasting purposes. 1. Employment sector based on concept of excess 

Attempt has been made to make maximum use of labor. 

expectational variables. 2. Housing sector specified and estimated under dis- 

Model designed to try to minimize error com- equilibrium. 

pounding. 3. Direct estimation of potential GNP in the price- 
sector assumptions, ` 

4, nditure equations are in current dollar terms 

and GNP is taken to be the income variable in the 
consumption and investment equations (no income 
side). 

FRB Structure not specified because empirical relation- 1. Expenditure equation is linear in first differences 

St. Louis ships are sought for purposes of estimating the im- with distributed lag weights. 


pact of alternative mone and fiscal policies. 


. Price equation is linear in demand pressure variable 


Though used to give general information on short- (change in nominal GNP minus GNP gap) and 
end long-run economic trends, the model is not weighted sum of past price changes in potential 
desi for forecasting in the usual sense of the GNP. 

word. 3. Unemployment rate is linear function of GNP gap 





as a percent of potential GNP. 


4, Interest rates are linear in rates of change of money, 


real GNP and GNP deflator. 
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Special Features in the Specification of Equations 
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Table 2. Continued 

Name Special Intention in the Structure of the Model 
MPS Examine the influence of monetary policy actions 


on economic activity. 


. Extensive disa, 


dome n-Bi 
. Endogen 


ous state and local government expendi- 
tures. 


egation of the monetary sector. 
off investment functions. 


shifts, and first-order autoregressive corrections. 
. Alternative specifications of various equations, 

















1 
2 
3 
4, Extensive use of nonlinear specifications, intercept 
5 
1 
2 
3 








Wharton To build a structural model based on the Keynesian . Production functions are Cobb-Douglas type. 
(old) theory of income determination, supplemented by 2. Investment functions have fixed distributed lag 
wage-price adjustment equations and put it into weights. 
practical use for short-run forecasting and policy . Nonlinear relationships are introduced between the 
simulation analysis. unemployment rate and the money wage adjust- 
ment. 
4, Direct estimation of the capacity utilization en- 
dogenously. 
Wharton To improve the earlier Wharton Model by: 1. Extensive analysis of lag distributions in invest- 
Mark II 1. Rework inventory theory. ment and other areas. 
2. Expand monetary sector. 2. Introduction of an output decision function, and 
3. More detailed treatment of government sector. derivation of inventories residually. 
4. More detailed treatment of prices. 3. Labor demand and price-wage behavior similar to 
Brookings. 
Liu-Hwa Forecasting and policy analysis. 1. Monthly data for GNP and its components 
generated. 
2. Most stochastic equations diagonally recursive. 
3. Liquid assets in 3 consumption equations. 
4, Interest rates present but weak in business invest- 
ment equations, 
5. CES production function. 
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Discussion: Cari F. CHRIST, 


It is a pleasure to discuss Prof. Shapiro’s in- 
teresting and illuminating paper. I should like 
to begin with a brief summary of his main 
points. i 

He defines an empirical theory as a theory 
that is capable of being refuted by experience 
even though it may be logically consistent. He 
comes to the conclusion that it is impossible to 
establish either the truth or the falsity of any 
empirical theory or model. Hence he devotes the 
remainder of his paper to the evaluation of 
econometric models in the light of their pur- 
poses. In most cases the purpose is the predic- 
tion of the future course of economic events. 
Therefore, evaluation of econometric models 
consists chiefly in the testing of the predictions 
that they make. He distinguishes two broad 
types of tests, dealing respectively with fore- 
casts of events occurring within the sample 
period that was used for estimation and with 
forecasts of events occurring after the end of the 
sample period. The within sample forecasts he 
discusses are based upon the now familiar 
simulation technique, which takes as given the 
initial presample values of all endogenous vari- 
ables, and the values of all exogenous variables 
during the sample, and computes year by year 
from the model the values of the endogenous 
variables, by using the previously computed 
endogenous varibles whenever lagged endog- 
enous values are needed for a subsequent 
period. He correctly advocates the use of 
stochastic simulation rather than exact simula- 
tion, by using a randomly generated distur- 
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bance in each equation for each period. One 
can of course distinguish two types of post- 
sample forecasts, namely, unconditional fore- 
casts in which the forecaster must forecast post- 
sample exogenous variables in order to compute 
his post-sample forecasts of the endogenous 
variables, and conditional forecasts (condi- 
tional upon the correct values of the post- 
sample exogenous variables). Prof. Shapiro 
concludes with a brief (and, considering its 
brevity, a remarkably thorough and informa- 
tive) discussion of available and possible tech- 
niques for testing forecasts, including non- 
parametric measures of forecasting ability. 

I agree that it is impossible to establish the 
truth of any empirical theory or model. A great 
physics teacher, Eric Rogers of Princeton, ex- 
plained this by saying, “You can never prove 
your neighbor perpetually honest, you can at 
best fail to prove him dishonest.” However, I 
disagree that it is impossible to prove the falsity 
of any empirical theory or model. It is easy to 
give counter examples in economics. I offer 
three. The very crude quantity theory of 
money asserts that the ratio of the price level 
to the money stock is a constant. This has been 
refuted for many countries in many periods. 
The simplest Keynesian nonstochastic con- 
sumption equation says that consumption ex- 
penditure in any year is an exact linear function 
of disposable income in that year. This has been 
refuted. The simple acceleration principle says 
that investment in any year is proportional to 
the change of consumer expenditure since the 
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preceding year. This, too, has been refuted. 
Now if we consider stochastic empirical 
theories, rather than all empirical theories, I 
come around to a position of partial agreement 
with Prof. Shapiro concerning the impossibility 
of establishing the falsity of empirical theories. 
The point is that with a stochastic model one 
can make a type I error, that is, one can incor- 
rectly reject a true theory, and with samples of 
finite size there is no way to reduce the prob- 
ability of this type of error to zero without at 
the same time foregoing the possibility of 
rejecting the theory at all. 

An important characteristic of econometric 
models is that they are approximations to 
reality. They can never hope to be as exact as 
are physical theories of particle motion or 
electromagnetic radiation, theories of chemical 
reactions, or theories of the genetic code. There- 
fore Prof. Shapiro is correct that we should not 
be concerned with the attempt to show that 
econometric models are true or false. Rather 
we should test them to discover the extent to 
which they are useful for purposes for which 
they are intended. 

Prof. Shapiro concentrates on prediction of 
future economic events as a major purpose of 
econometric models. There are other purposes, 
such as the simple quest for understanding or 
for knowledge of what difference it would have 
made to have taken a different policy action. 
But predictive ability is essential for these pur- 
poses also, for a theory that cannot predict 
cannot be confidently accepted as a guide to 
those questions. 

To pass the predictive test satisfactorily, a 
theory must be able to predict events whose 
occurrence was not known to the builder of the 
theory at the time he built it. The surest way to 
provide for this is to test the theory’s predic- 
tions of events that had not yet occurred when 
the theory was constructed. It has sometimes 
been suggested that a body of data be divided 
into two parts, one part to be used to construct 
the theory and estimate the parameters of its 
relationships, and the other part to be saved 
and used for testing. This approach is not satis- 
factory, because model builders know too much 
about economic events that have already oc- 
curred to be able to construct models as if in 
ignorance of part of the available data. 

It is useful to distinguish four kinds of predic- 
tions that econometric models can make of 
events that occur after the model is constructed. 
The first is usually called ex post prediction and 
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refers to predictions based on values of exoge- 
nous variables that are correct. Such predic- 
tions cannot be made until after the period to 
which they apply because they cannot be made 
until the correct values of the exogenous vari- 
ables have been observed. Such predictions pro- 
vide a test of the econometric model, apart from 
the ability of the predictor to predict the values 
of the exogenous variables. 

The other three types of prediction are 
usually called ex ante prediction because they 
are made before the occurrence of the events to 
be predicted and hence require the predictor to 
predict values of the exogenous variables. One 
way to make such ex anle predictions is to 
make no adjustments whatever to the estimated 
equations of the econometric model. A second 
way is to make adjustments based on some 
automatic formula specified in advance, such as 
adding the preceding period’s prediction error 
for each variable to the prediction made by the 
model for the current period. The third way is 
by making subjective adjustments to the pre- 
dictions that are made by the econometric 
model, using economic judgment rather than 
an automatic rule that is spelled out in ad- 
vance. For example, if the model makes a fore- 
cast of unemployment that seems implausibly 
high to the economist, he may reduce the 
model’s forecast by a subjectively chosen 
amount. All three types of ex ante forecasting 
can go wrong if predictions of the exogenous 
variables are not correct, and therefore they 
are not pure tests of the econometric model 
alone but are tests of a mixture of the model 
itself and the economist’s ability to forecast 
exogenous variables. Should subjective ad- 
justments be applied to ex ante predictions 
made by econometric models? The answer de- 
pends upon the purpose of the exercise. If the 
purpose is to plan actions whose consequences 
will have to be borne by those who take the 
actions, then subjective adjustments are vir- 
tually inevitable, for few decision-makers be- 
lieve so strongly in their econometric models 
that they will accept whatever predictions 
those models generate. If the purpose is the 
evaluation of a scientific tool for forecasting, 
then I side with Prof. Ray Fair of Princeton 
and insist that subjective adjustments not be 
made. 

In connection with the testing of predictions 
made ex post and ex ante, with and without 
adjustments, I would like to commend to your 
attention the two-volume proceedings of a 
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National Bureau of Economic Research con- 
ference held in 1969 entitled, Econometric 
Models of Cyclical Behavior, edited by Bert G. 
Hickman, and published by the National 
Bureau of Economic Research in 1972. 

I would like to see aggregate econometric 
models’ predictions tested in the following 
ways. 

Forecasting errors, including simulation er- 
rors during the sample period, should be com- 
puted for several important endogenous vari- 
ables, not simply for forecasts one quarter 
ahead, but for forecasts two, three and four 
quarters ahead, and possibly further. They 
should be computed for several types of fore- 
casts, including forecasts within the sample 
based on simulations using correct exogenous 
variables, forecasts after the end of the sample 
period using correct exogenous variables both 
without adjustment of the model and with 
whatever automatic adjustment rule the propo- 
nents of the model would suggest, and ex ante 
forecasts made with no adjustment of the 
model, with an automatic adjustment proposed 
by the model builder, and with subjective 
adjustments used by the forecaster. Forecasts 
should be made using preliminary data, such 
as are available at or soon after the end of the 
period in question, and also for revised data 
such as become available only several months 
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or years after the period in question. This 
comparison is particularly interesting, inas- 
much as Professors Franco Modigliani and 
Albert Ando have said that their version of the 
FRB-Penn-MIT model does a better job of 
forecasting the revised GNP data than it does 
of forecasting the preliminary data that are 
first published, and they conclude that the 
preliminary data are incorrect. Forecasts also 
should be compared when the parameters of 
the model are frequently reestimated, as against 
when the model is allowed to make forecasts for 
several years without reestimation of its param- 
eters. 

Residuals should be computed for all struc- 
tural equations in the model, in order that it 
can be seen which structural equations conform 
to the data and which do not. This should be 
done both for within-sample data and for data 
after the end of the sample. Structural equa- 
tions that perform badly can then be candidates 
for research and revision. 

Forecasts made by econometric models 
should be compared with those made by naive 
models and with those made by forecasters who 
use general judgment and economic knowledge 
rather than models. Accuracy of forecasts of 
econometric models should be compared with 
the degree of accuracy that is required in order 


that forecasts be useful for economic policy. 


Discussion: Gorvon C. Raussen, The University of Chicago* 


Professors Fromm and Shapiro have each 
presented an interesting paper. Given the 
nature of their papers, a more appropriate title 
for the session might be “The Validity and Veri- 
fication of Large-Scale Econometric Models,” 
or still more appropriately “Does the Search for 
Quantitative Economic Knowledge Remain an 
Essay in Persuasion?” I shall return to the 
search for economic knowledge at a later point 
in my comments. In the meantime, it is reveal- 
ing to note the dissimilarities between the two 
papers with respect to methodological founda- 
tions. Professor Shapiro (S) treats in some de- 
tail one philosophical position while Professor 
Fromm (F) informs us that excursions into the 
nature of economic science are largely barren. 
Furthermore, S is not concerned with the de- 
velopment of a new theory although he does 
point out that we are never justified in inferring 
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theories from empirical observations (Hume’s 
problem of induction). This suggests that the 
last section of F’s paper (on the movement from ` 
empirical models to modifications or improve- 
ments of theory) is superfluous. F proceeds 
cautiously in this regard and unfortunately fails 
to provide any (of the available) historical 
examples in economics of reductive or for that 
matter inductive inference. In this same sec- 
tion, F speaks loosely of verification while 5 
points out that verification is not possible; 
only corroboration is possible. 

S states that there seems to be no general 
agreement among economists on the meaning 
and purpose of model verification. An exami- 
nation of the methodological positions ad- 
vanced by Robbins, Friedman, Koopmans (all 
referenced in F), and Samuelson [20] as well 
as other economists clearly suggests that we 
can attach a high degree of corroboration to 
this statement. This is not surprising given the 
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substantial disagreement among philosophers 
(to whom the above methodological positions 
can be traced) on matters of ‘‘validity,” 
“truth,” “reality,” and thus model verifica- 
tion. However, S’s oral presentation suggests 
that he is of the opinion that this latter dis- 
agreement either does not exist or that it is 
unimportant. His discussion on verification in 
the empirical sciences emanates almost entirely 
from the work of a single philosopher, mz., 
Popper [17]. There is, I submit, a number of 
useful concepts introduced by other philos- 
ophers (cf. [3, 7, 8, 11, 12, 13, 19] among others) 
which substantiate some and refute other ele- 
ments of S’s (or Popper’s) views. These con- 
cepts assist us in understanding the process of 
model specification, estimation, selection, and 
evaluation. In what follows I shall restrict my 
remarks on such concepts and other topics of 
interest in the presented papers to three arbi- 
trarily designated categories: paradigms and 
economic theory; model specification, estima- 
tion, and evaluation; and an alternative ap- 
proach to model construction and evaluation. 


Paradigms and Economic Theory 


The application of Kuhn’s [13] notion of a 
paradigm to economics is becoming increasingly 
fashionable.! In the present context, it is useful 
to note that a paradigm typically defines a 
large set of possible hypotheses and makes no 
claims for the validity of any particular mem- 
ber of that set. Paradigms, unlike the hy- 
potheses to which they give rise,.cannot be vali- 
dated by experimental or statistical methods.? 
For example, the maximum principle discussed 
by F is not a hypothesis but a paradigm; and 
although a specific hypothesis embodying some 
version of the maximum principle can, in 
effect, be tested, the maximum principle 
paradigm cannot.* This does not suggest that 
the maximum principle ought to be abandoned. 
On the contrary, since abstractions from de- 
tails are essential, any usable model must be a 
misspecification of the system to which it refers. 
We have no option but to construct models 


1 A paradigm, in the natural sciences as well as in eco- 
nomics, defines the type of relationships to be investigated 
and the methods and abstractions which are regarded as 
legitimate within a particular problem area. 

2 Some of the members may be mutually exclusive alter- 
natives. 

+ For example, the conditions under which the firm profit- 
maximization formulation of the maximum principle is 
unique, vis., the conditions of long-run static equilibrium 
and perfect knowledge, are never likely to be met. 
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which fall short of a complete specification of 
the system under examination. In this sense 
all model representations, econometric or 
otherwise, are partially reduced forms (due 
to omission of variables, distortion of relation- 
ships, aggregation, etc.) even though we fre- 
quently refer to them as structural models. It is 
always possible to imagine a more fundamental 
explanation of the phenomenon under examina- 
tion involving more equations and thus endog- 
enous variables. Hence it appears reasonable to 
suggest that (a) economic models cannot be 
judged solely by the resemblance between their 
specification and the systems which they are 
designed to represent, and (b) the choice of 
different model specifications of the same sys- 
tem by different economists implies no pre- 
sumption that one of them must be in error. 
For these reasons, it is safer to investigate the 
“sufficiency” of models rather than their 
“realism,” i.e., is the constructed model, for 
the purposes designed, adequately sufficient.‘ 

S suggests but fails to mention explicitly that 
the requisite conditions for any particular 
theoretical formulation are never likely to be 
met and thus they should be no more than a 
subsidiary concern. The important issue is how 
extensively such conditions can be violated 
without seriously impugning the results ob- 
tained. Few would attempt to argue that 
Marshall’s static equilibrium formulation or 
for that matter Jorgenson’s investment theory® 
is internally consistent; however, some would 
contend that such theories are reasonably ac- 
curate and useful depending, of course, upon 
the purposes of the analysis. 

S’s reference to the impossibility of falsifying 
any empirical theory on the basis of observa- 
tion is far more reasonable if couched specifically 
in terms of paradigms and not testable hy- 
potheses (whether of the nested or non-nested 
type). Various paradigms of microeconomic 
theory (e.g., perfect competition, imperfect 
competition, organizational behavior of the 
Cyert and March [4] type) or of macroeconomic 
theory (e.g., neoclassical, neoKeynesian) are 
not directly confronted with empirical evidence. 

t On this score, the Liu criticism referenced by F is 
misplaced as Fisher [5] has shown via some proximity 
theorems. 

ë It is interesting to note that Nerlove [16, p. 223] has 
recently characterized Jorgenson’s formulation “...as 2 
perfect paradigm of the ad hoc superposition of a lag struc- 
ture on what is an essentially static theory and the result- 
ing difficulties in the interpretation of empirical lag struc- 
tures. 
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Although some would argue otherwise, a dis- 
regard for empirical evidence is generally ap- 
propriate for conflicting paradigms; in a con- 
flict of paradigms the disagreement does not 
center on specific hypotheses but about the 
types of hypotheses and the type of data that 
might be presented for empirical investigation. 
Furthermore, it is difficult if not impossible to 
isolate criteria for judging among paradigms 
that are not products of the paradigms them- 
selves.’ F’s reference to the qualification to neo- 
classical optimization theory offered by Baumol 
simply represents an alternative paradigm. The 
impact of this alternative paradigm (especially 
in the context of its extensions [4]) has not been 
substantial. I suspect that this is partly the 
result of the dominance of market paradigms 
which have conditioned most economists to 
view the firm as a basic element rather than as 
an economic system worthy of investigation.’ 
- §’s argument might also have been more con- 
vincing if he had noted the usual distinction 
between experimental and nonexperimental 
empirical sciences. To be sure, since economics 
must typically operate in an “open system” 
where noncontrollable factors can always inter- 
fere with the operation of economic forces, 
economists can never be certain that the req- 
uisite conditions necessary to examine their 
hypotheses actually obtain. Moreover, as 
economic systems may not be explicable as a 
simple, or even a weighted, sum of separate 
effects, itis the contrast (especially for the types 
of models surveyed by F), not the comparison, 
between economics and the experimental sci- 
ences which is illuminating. Kuhn’s analysis 
which is directed chiefly to the physical sci- 
ences requires some modification when applied 
to the special case of economics and other social 
sciences. For the latter sciences it is not sur- 
prising that a paradigm, once established, is 
especially difficult to overthrow. As its con- 
tinued usefulness depends not only on the 
existence of unsolved problems but also on the 
prospects of their eventual solution by its ap- 
plication, there is no unequivocal standard by 
which it, the paradigm, can be refuted. This is 
reflected by the Gurley [9] and Solow [21] dis- 
cussions in a recent proceedings issue of the 
American Economic Review. Their discussions 


6 The apparently so objective notion of rationality is in 
fact very heavily paradigm-dependent. 

1 As Kuhn [13] suggests, if criteria employed in an exist- 
ing paradigm are used in judging between it and a new 
paradigm, the latter will typically perform rather badly. 
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also reflect Kuhn’s notion that the conflict 
among paradigms depends not only on their 
relative success, however measured, in explain- 
ing certain phenomena but also on judgments 
about which phenomena ought to be explained. 

From the standpoint of the model builder, the 
relationship among a paradigm (P), maintained 
hypotheses (Q), and testable hypotheses (w) 
might be simply characterized as w-QCP. | 
That is, the paradigm defines a set of possible 
maintained hypotheses, and the selected main- 
tained hypotheses in turn isolate a still smaller 
set which represents the testable hypotheses. 
In this setting the model builder in a sense be- 
comes a prisoner not only of the maintained 
hypotheses but also of the paradigm with which 
he operates. Nevertheless, to glean some in- 
formation from a particular body of data, a 
paradigm is needed as are maintained hy- 
potheses involving in most cases arbitrary 
judgments with respect to forms of functional 
relationships, nature of lag distributions, and 
the like. An important part of the art of em- 
pirical econometrics is knowing how much to 
include in the maintained hypotheses or model 
specification; the use of intuition, logic, and the 
“pragmatic test of validity” are often necessary 
to restrict the range of possible specifications. ® 
Some elements of the maintained hypothesis 
may, of course, be inconsistent with the parent 
population generating the observed sample 
observations. To ascertain potential incon- 
sistencies, we have no recourse but to relax and 
test certain presumed crucial maintained hy- 
potheses. This is perhaps the only objective 
grounds for preferring one set of maintained 
hypotheses over some other set, assuming both 
are equally reasonable from a theoretical, in- 
tuitive, and/or technical standpoint.’ All of this 
typically takes place within the context of a 
particular paradigm. Except perhaps for the 
case in which an alternative or new paradigm 
is, as Kuhn [13, p. 95] notes, “simply a higher 
level theory than those known before, one that 
linked together a-whole group of lower level 
theories without substantially changing any,” 
the possibility of relaxing maintained elements of 
one paradigm and moving into another is remote. 


8 Clearly, if too much is assumed, there may be little or 
nothing left to test, while if too little is assumed, it may not 
be possible to reach any conclusion or else the analysis may 
become hopelessly complex. 

§ The chief difficulty is that there are in principle an in- 
finite number of hypotheses capable of explaining a given 
finite body of data. 
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For the lower-level or testable hypotheses!® 
which treat Q and P as given and even elements 
of Q which are relaxed, S’s argument on the 
impossibility of falsification is a bit too strong. 
In a probabilistic sense, there is of course a 
type I error associated with rejecting a true 
hypothesis; nevertheless, for many testable hy- 
potheses which come to mind, the associated 
type I errors are so small that they can be re- 
jected with little loss, regardless of model 
purpose. 

Turning more specifically to S’s representa- 
tion of Popper, the latter’s views on inductive 
logic (infinite regress or a priorism), deductive 
logic, testability criteria (simplicity), demarca- 
tion criteria (between science and metaphysical 
speculation), and falsification (his major em- 
phasis), though influential, have not won uni- 
versal acceptance. In a probabilistic context the 
“problem of induction” loses much of its 
relevance. I. J. Good has gone so far as to argue 
that Popper’s view destroys not only scien- 
tific induction but science itself. The formal 
basis for this statement and some of the major 
arguments against Popper’s philosophy of in- 
duction may be found in Good [7]. 

In Jeffreys’ [11, 12] view deductive logic is 
simply encompassed within inductive logic. 
Hence, Jeffreys’ rules of inductive inference 
‘contain many elements of Popper’s deductive 
approach, with the latter offering special limit- 
ing cases of statement-forms obtained by the 
use of inductive logic. The implications of these 
rules for Bayesian analysis have been illus- 
trated in many places. However, what is not 
generally recognized is that there are several 
formal analogies between Popper’s degree of 
corroboration and Bayes’ theorem on probabil- 
ity [8]. To be sure, there are costs as well as 
benefits associated with the Jeffreys’ approach. 
The costs are concerned with inter alia, the 
difficulty of characterizing appropriate initial 
or prior probability distributions, the vague 
process of generalization, metaphysical prob- 
lems, and the potential effects on the accumula- 

tion of empirical knowledge. Nevertheless, 
within the confines of a particular paradigm, 
the process of revising probabilities associated 
with propositions as new information evolves 
is the essense of learning from experience. This 
process is formalized and made operational by 
Bayes’ theorem. 


2 For a discussion on hierarchy among hypotheses, see 
Braithwaite [3]. 
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The model purpose argument of theory of- 
fered by S, i.e., scientists do not construct 
theories for the “fun of it,” requires substantial 
qualification in the case of economics as the re- 
cent presidential address of Leontief [15] as 
well as Hahn [10] would suggest. S goes on to 
equate purpose almost entirely with prediction 
and in the process comes dangerously close to 
Friedman’s methodological position but devi- 
ates from Popper’s. Here it may have been use- 
ful if S distinguished more explicitly among as 
well as noted the nonmutually exclusive nature 
of models constructed for explanation, predic- 
tion, and decision purposes. Models which are to 
be utilized for decision purposes obviously re- 
quire either explicitly or implicitly a criterion 
function for the policy makers (which rep- 
resents an ordering for the states of the econ- 
omy under examination) while models con- 
structed strictly for prediction purposes do not 
require such information. Worland [24] has 
recently argued that it is possible to refute 
economic theory or paradigms only in a deci- 
sion context, i.e., a theoretical anomaly in the 
Kuhn sense is not possible in a science such as 
economics; only a policy anomaly leading to the 
rejection of one paradigm and the replacement 
by another is possible. 

In addition to the obvious temporal asym- 
metry between explanation and prediction 
[19], complex systems models often require 
several distinct theories in order to predict the 
behavior of related empirical phenomena. In 
the latter instance, as noted in [2], the distinc- 
tion between the objectives of explanation and 
prediction can be most meaningful. As most 
philosophers would agree, satisfactory predic- 
tion can take place without satisfactory ex- 
planation. From a logical point of view, how- 
ever, if the “validity” or the corroboration of 
its prediction statements is the sole measure of 
a theory, falsification is clearly rendered im- 
possible. For this reason, Popper would object 
to treating theory as nothing but an instrument 
for generating prediction statements. He re- 
gards the explanation of observable phenomena 
as crucial in the development of higher-level 
hypotheses. 

Given the above background, the differences 
between Popper and Kuhn become more dis- 
tinct. Kuhn does not emphasize falsification as a 
crucial element in scientific progress and finds 
no support for Popper’s idealization of scilence— 
falsifying instances seldom lead to the revoca- 
tion of theory. A paradigm is adhered to until a 
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superior alternative appears to supplant it. In 
a conflict among paradigms, however, the 
“validity of assumptions” is a legitimate cri- 
terion, and thus Kuhn’s view is not consistent 
with Friedman’s position. Popper places his 
entire emphasis on falsification (at least in 
principle) and fails to recognize the costs in- 
volved in renouncing a predictively useful 
theory for which there is no adequate replace- 
ment. 


Model Specification, Estimation 
and Evaluation 


The operational recognition of the paradigm 
notion in the context of model specification, 
estimation, and evaluation is more fully ex- 
plored in [18]. In the construction of models, 
the possibility of avoiding much general con- 
fusion and positive dogmatism by use of this 
notion appears to be illuminating. Moreover, 
the employment of a priori information, the 
examination of internal consistencies (i.e., the 
evaluation of dynamic multiples, cycle lengths, 
stability conditions, etc.), the transfer of quali- 
tative restrictions derived from microeconomic 
theory to macroeconomic relationships, and the 
introduction of dynamic behavior through the 
back door all assume a new perspective. On 
each of these counts the models surveyed by F 
can be severely criticized. Space limitations 
preclude a more complete discussion of the 
relation between these nontrivial matters and 
` the construction of large scale systems models. 
Thus I will simply refer those who might be in- 
terested to the above referenced paper and note 
a few comments or queries which relate mainly 
to S’s paper and are also treated at some length 
in [18]. As will become obvious to those who 
have read Dhrymes, et al. (referenced in both 
S and F and hereafter referred to as MAA) ,some 
of the comments advanced extend beyond S’s 
paper to MAA. This seems justifiable for a 
number of reasons, the least important of which 
is that S’s discussion on evaluation is virtually 
identical to the MAA treatment on non- 
parametric evaluation. 

First, with respect to model specification, 
selection and estimation: (1) Particularly if a 
model is constructed for decision purposes, the 
method of estimation should (and not may) bea 
function of model purpose. (2) Recognizing that 
sample data are typically employed to assist in 
model specification, loss due to incorrect deci- 
sions, and thus the mean squared error or risk 
measures for gauging estimator performance, 
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should not Stein-like estimators be utilized 
rather than conventional estimation methods? 
This is a problem which is neglected by MAA 
but has recently been investigated by G. Judge, 
T. D. Wallace, and others. Along these same 
lines, as suggested in [14], more econometric 
research effort might “best” be devoted to 
developing statistical procedures for drawing 
inferences based on false models. (3) Given the 
evidence on the structural instability of avail- 
able econometric models, even noting all the 
qualifications that have been made (see ref- 
erence [17] in S’s paper), doesn’t it seem 
prudent to allow explicitly for the possibility 
of maintained hypothesis as well as parameter 
revisions as new information evolves? In sucha 
framework, limited memory filters and Bayesian 
methods would be particularly useful. More- 
over, such a framework would provide a basis 
for formalizing S’s argument that model cor- 
roboration is a continuous process or even 
Popper’s [17, p. 280] statement that the quest 
for “... scientific objectivity makes it in- 
evitable that every scientific statement must 
remain tentative forever.” 

Second, more specifically with respect to 
model evaluation: (1) Why is not S’s reported 
list of nonparametric measures categorized at 
least by the general purposes of explanation, 
prediction, and decision? Recognizing, as he 
does, that evaluation is properly treated as a 
problem-dependent process, such a categoriza- 
tion would appear most useful. (2) Would not 
an “evaluation” of the evaluation measures 
listed (as well as MAA’s suggestion of a stan- 
dardized list of properties investigated thus 
far) be a valuable addition to the literature? 
Instead of repeating material already presented 
in MAA, perhaps S should have considered at- 
tempting to indicate the relative cost and bene- 
fits of the various measures by purpose and 
from the research investigator viewpoint. (3) 
Assuming a constructed model is to be utilized 
for decision purposes and since it is very un- 
likely that a unique or single valued criterion ~ 
function can be obtained, what should be the 
role of policy maker(s) or model user(s) in the 
evaluation process? In this regard it seems that 
it is only possible to capture an objective func- 
tion set (or welfare correspondence) which, of 
course, complicates but nevertheless provides a 
formal initial basis for the policy analysis. Such 
a set will also provide a vehicle for resolving the 
multiple response problem noted by S (4). The 
experimental design literature has advanced far 


278 { RAUSSER 

beyond full factorial representations, and thus 
S would be well advised to qualify his view on 
the difficulties of applying these techniques. 
(5) The limitations of simulation outlined by S 
pertain only to restricted stochastic models 
(i.e., those in which only the stochastic nature 
of the disturbance terms are recognized). There 
are, however, a number of other limitations of 
these methods, especially for nonlinear models 
and examinations which recognize the esti- 
mated sampling distributions for the unknown 
parameters. In addition, S failed to note or 
refer the reader to the reasonably well-docu- 
mented comparative advantages and disad- 
vantages of the Naylor, et al. versus the Howrey 
(referenced by S) use of spectrum analytic 
techniques. (6) Both S and MAA might have 
considered or at least mentioned the problem 
of insuring that a simulation model behaves 
as the experimenter intends. The importance 
of this problem is indicated in [6] and [23]. 
(7) An indication of S’s failure to consider 
explicitly the properties of his suggested mea- 
sures is revealed by his reference to the Cohen 
and Cyert procedure. As convincingly dem- 
onstrated in [1], this procedure in the context 
of even linear and restricted stochastic models 
can lead to perverse results. (8) Since S only 
provides a list of evaluation measures, it is 
surprising that he did not include some other 
techniques such as factor analysis and multiple 
comparisons and even more surprising that he 
failed to recognize the connection between 
Popper’s degree of corroboration and informa- 
tion theory, in particular entropy measures and 
information inaccuracy statistics [22, pp. 
644-662 ]. 


An Alternative Approach to Model 
Construction and Evaluation 


Again this topic is more fully explored in 
[18]. Motivation for an alternative approach is 
based on the revealing critique of Morgenstern 
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(referenced by F), the constraining feature of 
data availability on model construction, the 
misspecified nature of economic models, the 
possibility of capturing only small sample esti- 
mates, the apparent existence of structural 
changes, and imperfect information on future 
environments. The approach is based on adap- 
tive or dual ‘control techniques and includes as 
specific dimensions model purpose, learning, 
and sequential design of experiments. It at- 
tempts to formalize the purchasing of informa- 
tion and the learning -of probabilities; it 
recognizes that the accumulation of informa- 
tion or empirical knowledge ought to be treated 
in an “active” rather than a “passive” fashion, 
i.e., we ought to “make” our experiences; and 
it is one way, perhaps the most efficient, of deal- 
ing with surprises generated by nonlinear mod- 
els. Such an approach, in principle, can accom- 
modate alternative paradigms and their asso- 
ciated implications for information, revisions, 
and additional data collection within the con- 
text of research and development strategies 
(R and D). However, it slightly alters Kuhn’s 
and particularly Braithwaite’s [3] emphasis on 
the hierarchy among hypotheses and the in- 
herent unobservability of theoretical entities by 
explicitly recognizing that the unobservable of 
today may well become the observable of 
tomorrow. 

Although the analytical possibilities of this 
approach are limited, a number of approximate 
procedures are available. A major danger of the 
approach, especially if alternative paradigms 
are under examination, is that its inherent 
flexibility may lead to sloppy analysis. Never- 
theless, the shift in emphasis from the conven- 
tional analysis represented in MAA, S, and F 
to a dual control, R and D strategy approach to 
model construction. and corroboration is re- 
garded as desirable. Furthermore, it is a means 
of distinguishing to a greater extent the search 
for quantitative economic knowledge from a 
sequence of essays in persuasion. 
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Future Directions for U. S. Trade 


C. Frep BERGSTEN 


The Setting 


HE United States now faces a clear choice 

between alternative trade policies. On 

the one hand, the AFL-CIO and some 
others actively support unilateral U. S. imposi- 
tion of a new regime of comprehensive import 
quotas. If erected in the form which these 
groups presently propose, the Burke-Hartke 
bill, the new regime would reduce U. S. imports 
by at least $11 billion from the 1971 level and 
limit their growth to a fixed share of U. S. 
consumption thereafter.! Any such cutback in 
U. S. imports would cut back U. S. exports by 
at least a like amount, in view of foreign income 
effects, overt retaliation, and emulation by 
other countries of the U. S. moves. Thus the 
decline in world trade would be roughly double 
the size of the U. S. action—about 8 percent of 
world trade in 1971.? 

The Burke-Hartke bill is highly unlikely to 
become law in its present extreme form. But a 
new “orderly marketing” regime, which would 
limit future import growth to some given share 
of the U. S. market, implemented either by the 
U. S. or through the favored new technique of 
“voluntary export restraints” by foreign sup- 
pliers, is a distinct possibility.* Indeed, the 
U. S. has been applying such restraints in sev- 
eral key industries over the past decade (cotton 
textiles, meat, steel, synthetic and woolen 
textiles, stainless steel flatware, etc.), and such a 


1 The bill also proposes severe new limitations on foreign 
direct investment by American firms. Though related to 
trade, and contributing to the protectionist trade pressures 
because they accelerate the pace of change occasioned by 
trade flows, foreign investment raises a host of different 
issues and will not be dealt with in this paper. 

2 The Burke-Hartke formula would of course produce a 
greater reduction of world trade in absolute terms from the 
levels which would have been reached by the time of its 
enactment, and the percentage decline would be larger as 
well because all growth beyond the 1965-69 base period for 
items brought under quota would be rolled back. 

3 For a complete analysis of the underlying economic and 
political changes which raise such a spectre, see Bergsten 
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generalized approach would in one sense rep- 
resent a culmination of present trends. 

On the other hand, the U. S. Administration 
and numerous private groups have been active- 
ly calling for new international negotiations to 
resume the earlier postwar effort to reduce 
national barriers to. world trade, and to devise 
new international rules and mechanisms to 
govern those barriers which will continue to 
exist in the future. This approach is partly 
motivated by the traditional economic desire 
to eliminate foreign barriers to U. S. exports, 
and partly by the traditional foreign policy 
desire to use economic negotiations as a func- 
tional means for expanding global cooperation. 

It is primarily motivated, however, by the 
realization that trade policy is dynamically un- ` 
stable and that a theoretical third trade policy 
alternative—maintenance of the status quo— 
is untenable. Protectionist pleas by special in- 
terests can be countered only by trade liberal- 
ization in pursuit of the general interest. 
Steady movement toward trade liberalization 
is necessary to halt the acceleration of the trend 
toward increasing trade restrictions, and a new 
liberalizing initiative of sizable proportions 
might be required at this time in view of the 
strength of the protectionist pressures. If more 
proof of this eternal verity were needed, it is 
provided by the impressive success of U. S. 
special interests immediately after the comple- 
tion of the Kennedy Round in obtaining new 
import protection (steel, meat, the pledge on 
synthetic and woolen textiles by both Presi- 
dential candidates in 1968 which culminated in 
new restraints in 1971) and altering the overall 
thrust of U. S. trade policy (severe tightening 
of the administration of antidumping and 
countervailing duty laws, the import surcharge 
of 1971, the near passage of the Mills bill in the 
face of Administration ambivalence in 1970). 

Indeed, the primary impact of the Kennedy 
Round on world trade flows was not its tariff 
cuts. Its major achievement was in providing 
governments around the world with a broad 
international initiative of sufficient political im- 
portance to enable them to reject the en- 
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treaties of particular domestic groups which 
sought trade restrictions that would have 
rendered its completion impossible. Again, the 
U. S. evidence is clear: demand for the restric- 
tions which were implemented after 1967, as 
outlined above, grew rapidly during the 1960’s 
despite steady growth of profits to record levels 
and steady decline of unemployment to post- 
Korea lows. They probably could not have been 
forestalled without the simultaneous presence 
of a major trade-liberalizing initiative, and they 
can certainly not be forestalled now with the 
far less satisfactory state of our domestic econ- 
omy and external economic position.‘ It is even 
highly unlikely that individual industries can 
any longer be “bought off” by restrictions 
limited to them alone, in view of the political 
pressure for “equitable treatment” of all. Pre- 
cisely this view motivated the “Byrnes basket” 
provision of the near-miss Mills bill of 1970, 
making eligible for import quotas all products 
where imports satisfied certain numerical cri- 
teria—a total of $7 billion of trade at that time. 

In the absence of new trade liberalization, 
new trade restrictions are therefore likely in the 
United States. The implications for world 
agricultural trade are obvious. Farm trade at- 
tracts even more protectionism than industrial 
trade. It has firmly resisted the trade liberaliza- 
tion of the earlier postwar period, and was 
virtually untouched even by the Kennedy 
Round. It is thus clear that a major overall 
trade-liberalizing negotiation will be necessary 
to provide a framework for negotiation of any 
significant new liberalization of farm trade, 
since the U. S. could get major foreign conces- 
sions on agriculture only by extending conces- 
sions of its own in the industrial sector. (It is 
barely possible that the U. S. could get minor 
agricultural concessions in return for conces- 
sions on its own dairy imports, though the 
official position of the EC is that the dairy 
quotas are illegal under the GATT and thus 
the EC will pay nothing for their removal.) 
Further slippage away from liberal trade 
policies, whether through a discreet (or in- 
discreet) measure like the Burke-Hartke bill or 
through slippage into a policy vacuum, would 


4 Hence it is unfortunate that the EC, in the communique 
issued after its recent summit meeting, called for the next 
round of trade negotiations to be concluded by 1975. Aside 
from the impossibility of moving that fast, in view of the 
wide range and complexity of the issues involved, it would 
be undesirable to do so because the shield against new re- 
strictions would then again be quickly dropped. 
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probably lead to additional barriers to farm 
trade—at least in Europe, through new prefer- 
ential deals on particular commodities and ex- 
tension of the Common Agricultural Policy it- 
self to additional products.® Johnson [5] points 
out the sharp differences for agriculture of 
these two potential trends in trade policy: un- 
der free trade, an increase of $5 billion in North 
American exports of grain and oilseeds alone, 
with much return of land to cultivation and 
highly favorable efforts on farm profits and 
jobs, in contrast to stagnant exports if there is 
no trade liberalization (and, I would add, prob- 
ably some cutback if new restrictions were 
erected instead).® 

The ultimate choice between the highly 
polarized alternatives could be very close, and 
I hazard no forecast of the outcome at this 
time. It seems that it will turn on five key 
issues, to be discussed below. 


The Link to International Money 


All theories of international trade which con- 
clude that maximum freedom of trade maxi- 
mizes world welfare rest on a variety of assump- 
tions. One of these assumptions is the existence 
of equilibrium exchange rates. The absence of a 
monetary system which provides a mechanism 
for assuring equilibrium exchange rates thus 
severely jeopardizes the economic case for free 
trade. It certainly undermines political support 
for freer trade by eroding the competitive posi- 
tion of industries in countries with overvalued 
exchange rates and thereby generating addi- 
tional desires for protection.” This is the real 


5 Foreign retaliation against new U. S. import controls, or 
emulation thereof, might well hit U. S. agricultural exports, 
since protectionist forces in several key countries are strong- . 
est in agriculture and the U. S. has important comparative 
advantages in that sector. However, this would probably be 
a strategic error for the countries involved, assuming their 
goal was to get the U. S. to reverse its policy. This is be- 
cause it would play directly into the hands of organized 
labor, cutting U. S. exports in a capital-intensive industry 
which is totally unorganized by the AFL-CIO and thus 
levying little offset on U. S. labor to their gains from re- 
stricting labor-intensive imports. 

6 It is possible, of course, that farm trade will continue to 
expand whether or not farm trade policy is liberalized (or 
even if new restrictions are implemented). This paper ad- 
dresses only the policy issues and makes no effort to assess 
net developments in farm trade over the coming years. 

7 By stimulating excessive allocation of resources to ex- 
port and import-competing industries in countries with 
undervalued rates, it also makes it harder for such coun- 
tries to agree to revaluations—which would surrender their 
enhanced competitive positions. 
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link between trade policy and international 
money. i 

‘Until recently, however, the U. S. has not 
sought an equilibrium exchange rate for the 
dollar. Indeed, the international monetary 
policy of the United States throughout the 
postwar period—until August 15, 1971—was 
aimed primarily at assuring financing for U. S. 
payments deficits, primarily through the key 
currency roles of the dollar. The adjustment 
mechanism in the dollar-centered monetary 
system was in fact biased against the United 
States, and the dollar actually appreciated 
against a weighted average of the other major 
currencies during the 1960’s despite the per- 
sistence of U. S. payments deficits.® 

Some observers argue that the dollar had 
become overvalued by the late 1950’s. Others 
view the overvaluation as occasioned solely by 
the inflation associated with the Vietnam war. 
Whatever, the timing, however, it is clear that 
a fundamental contradiction pervaded U. S. 
foreign economic policy: the U. S. sought to 
lead the world toward freer trade but made no 
effort to lead the world toward a monetary 
system which produced equilibrium exchange 
rates.’ i 

Perhaps ironically, the victim of that con- 
tradiction was the United States itself. In 
August 1971, the U. S. decided that it wanted 
to adjust its exchange rate—largely for do- 
mestic reasons but also in belated realization 
that it had to do so to restore the prospects for 
a liberal U. S. trade policy.!° However, it found 
itself confined by a monetary system which 
made it very difficult for the U. S. to devalue, 
the only economically effective means of ad- 
justment which would be politically acceptable 
in the relatively closed U. S. economy. It was 
thus caught in its own policy contradiction. 

The U. S. was able to evade this contradic- 
tion until 1971 for two reasons. In the 1950’s, it 
faced little serious international competition. 
Throughout the 1960’s, its internal economy 


t For a theoretical explanation of the bias, see Bergsten 
[3, pp. 68-69]. The dollar appreciation amounted to 1.5 
percent, depending on the method of calculation and the 
precise time period chosen. 

* So perhaps the Treasury Department should at least 
share the blame usually leveled at the State Department 
for “selling out U. S. economic interests.” 

1 Tt must never be forgotten that it was the desire of the 
U. S. to adjust, not any Triffinesque collapse of the dollar 
overhang, which motivated the international aspects of 
President Niron’s New Economic Policy in August 1971. 
See Bergsten (2, pp. 200-204]. 
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boomed; profits rose to record levels in 1966 
and stayed there for several years, and un- 
employment dropped steadily toward the post- ` 
Korea low achieved in early 1969. Only in the 
1970’s has the U. S. come to face simultaneously 


‘real international competition and an unsatis- 


factory internal economic situation. 

This is why the United States pushed so hard 
for the Smithsonian and early 1973 exchange- 
rate realignments and has begun to push for 
fundamental reform of the international mone- 
tary system. The basic aim of those proposals is 
to improve greatly the balance of payments ad- 
justment process, by placing major interna- 
tional pressure on both surplus and deficit 
countries to move promptly and in adequate 
magnitudes to rectify any imbalances which 
they develop. Achievement of such a new mone- 
tary system, to help avoid any sizable or sus- 
tained disequilibrium in the exchange rate of 
the dollar in the future, is a necessary condition 
for the avoidance of further U. S. trade restric- 
tions. Tangible results from the Smithsonian 
and 1973 realignments, in terms of improve- 
ment in the U. S. trade balance, are also neces- 
sary to demonstrate the effectiveness of the 
exchange-rate approach. 


The Trade Balance and Level of Trade `^ 


The second key issue is whether U. S. trade 
policy should focus on the trade balance or on 
the level of U. S. trade. 

One American point of view is that the other 
major countries should be willing to grant non- 
reciprocal trade concessions to the United 
States, to help the international adjustment 
process which finds them in trade and pay- 
ments surplus and the U. S. in trade and pay- 
ments deficit. Former Treasury Secretary Con- 
nally openly espoused this view, confusing the 
appropriateness of minor trade concessions in 
the context of an overall effort to restore short- 
term payments equilibrium (as in the fall of 
1971), if countries choose to extend them rather 


u Many Americans believe that such a system must be 
firmly in place before the U. S. can resume pursuing a liberal 
trade policy. This would mean a continued drift toward 
protectionism, since it will probably take some time to in- 
stall formally the new regime. I do not share this view on 
timing, though it is admittedly tempting to try to use the 
threat of protectionism to speed the pace of the monetary 
talks. I believe that steady progress toward agreement on 
the needed reforms, plus their ad hoc implementation in 
individual cases in the interim, should suffice to lay a foun- 
dation for new trade liberalization—which itself would not 
begin to be implemented until a similarly distant point into 
the future. 
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than revalue their exchange rates further, with 
the inappropriateness of sizable nonreciprocal 
concessions in a negotiation over the long-term 
level of trade barriers which, as noted above, 
must proceed on the assumption that the mone- 
tary system will achieve balance of payments 
equilibrium. 

Another school of thought reasons that the 
U. S. can afford to agree to a “reciprocal” re- 
duction of trade barriers only when its trade 
balance again becomes strong, for four reasons. 
First, “reciprocity” in tariff negotiations has 
traditionally been defined, very crudely, as 
equality in the products of the average per- 
centage cuts in duties times the volume of 
trade affected.4? For example, “reciprocity” is 
achieved between two countries if each reduces 
its duties on $1 billion of trade by an average of 
10 percent, or if one reduces duties on $2 billion 
by an average of 5 percent while the other re- 
duces duties on $500 million by an average of 
20 percent.’® This school feels that price elas- 
ticities of demand for imports are higher in the 
United States than in other countries, so that 
equiproportionate tariff cuts from the relatively 
equal tariff levels that now exist in the major 
countries would have an adverse effect on the 
U. S. trade balance. 

Second, whatever the static effect on price 
elasticities, this school argues that the U. S. 
cannot afford “reciprocal” trade cuts at the 
present time because it is so uncompetitive in 


8 Preeg [7, esp. p. 132 and note 20]. He notes that addi- 
tional considerations were often factored in on an ad hoc 
basis but that the basic formula was as stated in the text. 

u “Reciprocity” has thus been defined in terms of 
changes in absolute trade levels. Some observers, including 
Government officials, have however erroneously viewed 
“reciprocity” as meaning equal percentage rises in each 
country’s exports and imports. This would increase the 
level of all existing trade surpluses and deficits and’ move 
away from, rather than toward, payments equilibrium. 
Thus it would certainly not be acceptable to deficit coun- 
tries. Nevertheless, this view seems to be widely held in the 
U. S., strengthening the policy conclusion of some that 
trade liberalization is in the U. S. interest when the U. S. 
is running a trade surplus but is not when (as now) it is 
running a trade deficit. 

u Unfortunately, none of the economic analysis to date 
on price elasticities by country is sufficiently reliable to 
base policy on. One of the most elaborate efforts, Houthak- 
ker [4], provides tentative support for this school of 
thought by deriving a U. S. price elasticity for imports (ad- 
justed for serial correlation) of —1.03 and much lower elas- 
ticities for all other major countries except Canada and 
Denmark. A host of other issues, such as “disparities” be- 
tween the dispersion of individual tariffs around the aver- 
ages in the different countries, complicates the matter 
further. 
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world markets that the dynamic effects of re- 
ducing trade barriers will be unfavorable to the 
U. S. trade balance. On this argument, the U. S. 
should avoid any new trade liberalization until 
it it has first established a better underlying 
foundation of productivity growth and control 
of domestic inflation.“ This school of thought 
was promulgated by the Kennedy Administra- 
tion in the opposite direction, when it argued 
that the Kennedy Round would help solve the 
U. S. balance of payments problem by enabling 
the U. S. to capitalize on its highly competitive 
international position to increase further its 
trade surplus (and reduce unemployment at 
home in the process). 

The third part of this argument is that U. S. 
energy imports will rise by about $25 billion 
between now and 1980, making its trade posi- 
tion that much more difficult to balance. And 
the final strand is that “U. S. negotiators are 
always soft,” because the U. S. always wants to 
bring negotiations to a successful conclusion for 
broad political reasons and hence are outdone 
in purely commercial terms by their foreign 
counterparts. The U. S. trade balance is thus 
bound to suffer from whatever is finally agreed. 

In my view, there is some intellectual merit 
in each of these viewpoints. There is a place for 
nonreciprocal trade liberalization by countries 
running balance of payments surpluses, if they 
choose to adjust in that way. A much more 
sophisticated definition of “reciprocity” is 
clearly needed, as will be discussed below. The 
U. S. will certainly have to improve its competi- 
tive position to assure avoidance of trade bal- 
ance deterioration as a result of new trade 
liberalization, especially in light of pending in- 
creases in energy imports, and will be unable to 
do so if other countries hamstring U. S. exports 
in the two areas where they are strongest— 
agriculture, as Europe particularly is already 
doing, and high-technology goods, where the 
industrial policies that Japan, Europe, and 
Canada are in different stages of developing 
could have similar effects. And the U. S. did 
extend nonreciprocal trade concessions, at least 
in the early postwar period, due to broad politi- 
cal reasons which it (correctly) deemed of over- 
riding importance at the time. 

. None of these considerations, however, should 
dominate U. S. trade policy. The objective of 
trade policy should continue to be maximiza- 

1 These factors are important in the competitiveness of 


agricultural as well as industrial products. See Sorenson 
(8, pp. 819-820]. 
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tion of the welfare effects of international com- 
modity flows. This may call for increasing or 
reducing the level of flows at any given time, 
for reasons we will come to shortly, but it is in- 
dependent of trade balance considerations. 

The appropriate trade balance for a country 
can be determined only by the needs of its 
overall balance of payments, which may call for 
changes in the trade balance in either direction 
at any given time. Over time, the trade balance 
needed for payments equilibrium may change 
in response to structural changes in other parts 
of the balance of payments, e.g., the sharp and 
steady rise in U. S. income on its foreign direct 
investments. In addition, the external payments 
positions of virtually all countries fluctuate be- 
tween surplus and deficit several times within 
a decade; we often forget that Japan was in 
payments deficit as recently as 1966-67, and 
the U. S. was in payments surplus as recently 
. as 1969. And the competitive position of an 
individual country can change very dramati- 
cally between the start of a trade negotiation 
and the completion of the liberalization result- 
ing from it. The Kennedy Round, for example, 
spanned a full decade which started with the 
U. S. in a dominant competitive postwar posi- 
tion and actively seeking new markets for 
Japanese exports, and ended with a sharp rever- 
sal between those two countries. Finally, reduc- 
tions in trade barriers probably reduce the flow 
of foreign direct investment, some of which is 
motivated by the need to get behind such bar- 
riers. This has some effect on trade flows; helps 
the balance of payments of a capital-exporting 
country such as the U. S. in the short run and 
hurts it in the long run; and has indeterminate 
effects on both the trade and payments bal- 
ances at any given point in time. 

Any major negotiation on trade barriers, 
however, sets the level of world trade restric- 
tions for many years. Since it would be impossi- 
ble even to tell which countries should benefit 
in trade balance terms from nonreciprocal con- 
cessions and which countries should extend 
them, let alone the magnitudes of such targets 
or even how the dynamic trade effects of lib- 
eralization would work out, the trade balance 
could hardly be the focal point for trade negoti- 
ations. Indeed, most countries can only win 
internal political agreement to reduce their 
import barriers by pointing to the equivalent 
gains to their exporters which are inherent in a 
“reciprocal” negotiation; it is inconceivable 
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that European governments would, to put it 
provocatively, “sacrifice their farmers so that 
American multinational firms could continue to 
buy up Europe.” No country could be suffi- 
ciently confident of its future payments position 
to negotiate consciously a decline in its trade 
balance in such a context. 

Nevertheless, there is need to link the trade 
balance and trade policy in an operational way. 
Indeed, the monetary reform proposals of the 
United States do so by suggesting that countries 
have the option of adjusting their payments 
surpluses by unilaterally reducing trade bar- 


` riers instead of revaluing exchange rates. The 


problem with this idea is that such a step would 
reduce the bargaining position of any such 
country in the next round of international trade 
negotiations and might reduce the incentive of 
other countries to pursue additional trade nego- 
tiations in the future. The Schultz proposal 
thus needs to be amended in two ways: coun- 
tries would get credit in the next trade negotia- 
tion for trade liberalization undertaken earlier 
for purposes of payments adjustment, and they 
could restore their previous barriers if they 
moved clearly into payments deficit before the 
next round of trade talks (in which case they 
would get credit only for the duration of the 
temporary liberalization). If there is any role 
for trade policy measures in the adjustment 
arsenals of deficit countries, it is for surcharges 
applied across-the-board to all imports for a 
temporary period of time; those who seek quota 
protection for particular commodities to help 
the balance of payments are still another school 
of thought, but one not worth serious discus- 
sion. 16 


Reciprocity 


Two aspects of the problem of reciprocity re- 
quire discussion. On the technical level, new 
concepts are needed to replace the crude tech- 
niques applied in the past to tariff reductions. 
Wholly new techniques will be needed to mea- 
sure “reciprocity” in the reduction of nontariff 


16 The United States has also proposed the use of import 
surcharges by the international community, or by indi- 
vidual countries, as sanctions against surplus countries 
which refuse to take steps to eliminate their surpluses. 
Such “sanctions” will always in fact be applied by some- 
one; the U. S. import surcharge of August 1971 was such a 
step against Japan. The issue is whether they will be ap- 
plied by individual countries outside any international 
framework, or by the international community ag a whole. 
I would strongly prefer the latter. ` 
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barriers, of which quantitative restrictions are 
the simplest but still raise difficult problems. 
The objective in all cases must be to quantify 
the changes in trade flows which are likely to 
result from particular changes in trade restric- 
tions, to give countries a much sounder gauge 


than they have had heretofore of whether the . 


outcome of their bargaining over trade barriers 
will in fact be truly reciprocal expansion of 
trade flows in both directions. Such improve- 
ment may have to be limited to equalizing the 
static effects of changes in barriers, since the 
dynamic effects are so much more difficult to 
measure,” but that would still represent major 
progress. 

A further technical problem is how to handle 
limits to import growth, such as the Burke- 
Hartke proposal for restricting imports to a 
fixed share of U. S. consumption. Retaliation 
in the past (as in the “chicken war” of 1962-63) 
has always related to actual rollbacks in trade, 
not limits to its growth. The problem could 
become particularly important in any new nego- 
tiation if new “safeguard” clauses are adopted 
along with cuts in tariffs and nontariff barriers. 
The simplest approach would be to extend the 
principles of the past by letting Country B 
place quantitative limits on a magnitude of its 
imports from Country A similar in both regards 
to the limits placed on its exports by Country 
A—emulation rather than retaliation in the 
conventional sense. 

Such a search for better estimation tech- 
niques would further complicate a negotiation 
which already promises to be quite complicated. 
Countries could haggle endlessly over the ac- 
curacy of contending elasticities and over for- 
mulas for converting nontariff barriers to tariff 
equivalents. Improvement over past practices 
will almost certainly be needed, however, to 
achieve agreement on “reciprocal” liberaliza- 
tion among the major traders of today, all of 
whom are intensely concerned about their trade 
balances and may prove unwilling to liberalize 
at all unless they are assured of a “neutral” 
effect. And I indicated above that I see merit, 
not demerit, in extended (even constant) nego- 
tiation among the major trading countries. 

This problem of adequately defining “rec- 
iprocity” was avoided in the past largely be- 

1 For example, no one negotiating the Kennedy Round, 
even at its conclusion, could have foreseen the deterioration 


of U. S. competitiveness due to its internal inflation in the 
immediately succeeding years. 
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cause the United States was willing—rightly, in 
my view—to accept liberalization which was 
not fully reciprocal from the standpoint of the 
U. S. trade balance in the short run." The U. S. 
did so both because it was confident that its 
competitive ability would enable it to offset 
quickly any static economic losses with dy- 
namic gains," and because it had a major for- 
eign policy stake in seeing that each of the suc- 
ceeding trade negotiations concluded success- 
fully. As in the monetary case, however, both 
the economic and international political situa- 
tions have reversed; the U. S. will now insist on 
full reciprocity in short-term trade balance 
terms.?° U. S. trade policy, and the outlook for 
international economic cooperation, are thus 
again hampered by the legacies of a successful 
past. Because the traditional concept of “‘rec- 
iprocity” has been discredited in the U. S. 
through its “misuse” in the past, a new concept 
will probably be needed if political support is to 
be generated for a new round of liberalization. 

The more substantive aspect of reciprocity 
is whether the U. S. should offer concessions in 
the industrial sector in an effort to obtain con- 
cessions in the agricultural sector. It has been 
estimated that net U. S. exports might rise by 
$3 billion if all agricultural trade barriers were 
removed, although this figure omits considera- 
tion of sugar (and a few commodities of minor 
trade importance) and thus may overstate the 
likely impact.?! However “reciprocity” were 


18 Similarly, the willingness of the U. S. to eschew adjust- 
ment of its balance of payments position enabled other 
countries to achieve their trade (and payments) balance 
goals more easily. However, it is interesting to note the 
recent rejection of the Supplementary Chemicals Agree- 
ment to the Kennedy Round by the EC, on the grounds 
that the EC would now lose from the deal in trade balance 
terms, In this case, at least, U. S. negotiators apparently 
made a magnificent bargain for the United States, since 
one must view the U.S. gain in this deal against the mas- 
sive deterioration in the overall U.S. trade balance since 
1967. 

1 This probably goes far to explain why U. S. labor sup- 
ported free trade in the past, but does not now: they used 
to perceive that increased trade meant more jobs, whereas 
now they perceive that it means fewer. 

» Of course, the real gain to the U. S. from trade liberal- 
ization is the welfare benefit of reducing present restrictions 
plus, since trade policy is dynamically unstable, the avoid- 
ance of welfare (and international political) costs imposed 
by the new restrictions which would otherwise take place. 

™ West [9, pp. 19-20]. Johnson [5] estimates an increase 
of $5 billion in gross exports of U. S. and Canadian grains 
and oilseeds; he makes no net calculation for the U. S., but 
his data confirm the broad magnitudes of the West esti- 
mate. 
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defined, this would of course require reductions 
in barriers to industrial trade which would 
increase net U. S. imports of such products by 
similar amounts.” 

First-round economic welfare considerations 
would of course support this kind of intersec- 
toral reciprocity. But there are offsets. Consider 
domestic job effects. Farm exports are highly 
capital-intensive, and even their sharp increase 
under free trade would produce relatively few 
jobs. The increased industrial imports, many of 
which would be in lower skill industries, would 
by contrast be much more labor-intensive and 
eliminate far more jobs. To be sure, domestic 
macroeconomic and manpower policies could 
recoup the lost jobs, but the costs of doing so— 
including budgetary and other inflationary 
effects—have to be set against the welfare gains 
of the freer trade. 

Long-term trade balance considerations might 
also be negative. On the one hand, there is a 
case for such a deal because the U. S. appears to 
have a clear comparative advantage in agricul- 
ture, which is now largely unexploited, whereas 
it might well continue to lose ground on the 
relevant industrial items even without a further 
reduction of U. S. trade barriers. On the other 
hand, trade in most industrial items would tend 
to grow faster over time than trade in agricul- 
tural products. If the net result was to force 
future devaluations on the U. S., additional 
negative welfare effects would offset the origi- 
nal gains from improving the allocation of re- 
sources. These structural considerations suggest 
that the welfare effects of such a trade could be 
negative in the U. S. even if it achieved true 
reciprocity in trade-balance terms. 

_ Whether the U. S. should seek to trade indus- 
trial for agricultural concessions also turns on 
` domestic political considerations. There are four 
political arguments which favor it: further 
solidification of the support of the farm bloc for 
liberal trade, the demonstration effect of tangi- 
ble rewards for a community which has main- 
tained a liberal trade stance, the view of the 
farm community that the U. S. gave concessions 
on farm trade in return for industrial conces- 
sions in the Kennedy Round, and the great 
importance to overall U. S.-European relations 
(and hence to the world economic order) of 


% Most analysts agree that farm trade can be liberalized 
only through efforts to align domestic farm policies, rather 
than attacks on barriers to farm trade per se. I abstract 
here from the method by which farm trade is liberalized. 
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getting meaningful European concessions on an 
issue which has been a focal point of the grow- 
ing U. S. antagonism toward Europe. 

There are two political drawbacks of making 
such.a trade. One is the problems it would raise 
with the U. S. agricultural producers now pro- 
tected by import barriers (mainly in the dairy, 
sugar, and beef industries), whose short-term 
interests would have to be sacrificed to mini- 
mize the net concessions granted on industrial 
trade. The second is those industrial interests 
whose protection would be reduced further to 
compensate for the foreign concessions on agri- 
culture—which is particularly important be- 
cause none of the favorable job effects would 
accrue to the unions which would suffer most 
of the unfavorable job effects and because these 
very unions are the leaders of the whole present 
protectionist push. Ye 

On balance, I would go for the trade on both 
economic and political grounds, because the 
welfare effects are probably close to neutral and 
because I place high priority on the political im- 
portance of breaking the present U. S.-EC con- 
flict over agricultural trade. However, I fear 
that neither the Europeans nor Japanese will 
give us the choice. Europe is not sufficiently 
interested in U. S. concessions on industrial 
trade to make the tough internal decisions 
which would be necessary to liberalize the CAP 
and does not seem to understand that new 


- restrictions on such trade will probably result 


if forward progress is not made. Indeed, in join- 
ing the Community, Britain has raised its 
duties on farm imports and lowered its duties on 
industrial imports—giving the U. S. reciprocity 
opposite to what is suggested here. 


Internal Adjustment to External Disturbances 


Another assumption underlying the policy 
conclusions of classical trade theory is full em- 
ployment: In the U. S., however, excessive un- 
employment has existed frequently throughout 
the postwar period. It certainly does so now 
and adds to the difficulties of pursuing a liberal 
trade policy. 

But the problem is not just the aggregate 
rate of employment. The AFL-CIO supported 
the Trade Expansion Act in 1962 when the rate 
was 5.5 percent, but had become protectionist 
by 1969 when the rate had dropped to 3.5 per- 
cent. A major factor is changing value prefer- 
ences. Most American workers have now en- 
tered the lower middle class and achieved in- 
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come levels at which they place much higher 
emphasis on job stability, relative to higher 
wages, than they could afford to do in the past. 
Reluctance to give up community, home, 
schools, and church may dominate the oppor- 
tunity for marginally higher income, particu- 
larly in the absence of vesting of pensions and 
transferability of other fringe benefits from one 
job to another, for individual workers and for 
the labor force as a whole. American labor thus 
increasingly resists change—particularly change 
emanating from abroad, which is “‘different” in 
at least its susceptibility to successful resistance 
(and may also be substantively different due to 
the accelerating pace at which it is taking 
place). This attitude is greatly reinforced by 
the bureaucratic interests of the AFL-CIO, 
which knows that structural change of the U. S. 
economy means movement out of the highly 
organized, traditional manufacturing industries 
(such as steel and textiles) into the highly un- 
organized, modern high-technology and ser- 
vices industries. 


This increasing resistance to change clashes. 


head-on with the increasing pace of change it- 
self. A mix of two approaches will probably be 
needed to cope with this clash, if a complete 
restrictionist relapse is to be avoided. Of critical 
importance will be a vastly improved adjust- 
ment assistance program, especially for workers 
displaced by imports. Adequate compensation 
and effective retraining and relocation programs 
will be necessary components of any such effect. 
Unfortunately, the record of manpower pro- 
grams to date—not only in the United States, 
where they are now prime candidates for bud- 
get cuts, but in countries such as Sweden which 
have much longer and more comprehensive 
experience with them—is not encouraging. 
The other approach is to slow the pace at 
which disturbances occur by limiting the per- 
mitted growth of imports. It is quite likely that 
new mechanisms will in fact be required to 
“safeguard” against any massive dislocations 
at least from new trade liberalization that takes 
place. Agreement on how they might work was 
the major area of progress recorded in the recent 
Rey Report to the Secretary-General of the 
OECD [6, pp. 83-84]. One aspect of that pro- 
posal was that application of any such safe- 
guards “should be accompanied by action to 
bring about domestic adjustment so that the 
use of the safeguard mechanism will in fact be 
temporary,” linking the two approaches in 
order to avoid undue reliance on new controls, 
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The Foreign Reaction 


The final ingredient needed to avoid a con- 
tinued and probably accelerated restrictionist 
trend in U. S. trade policy is a cooperative 
stance by other countries, in two senses. First, 
they will have to tolerate a much tougher U, S. 
trade policy than they have experienced in the 
past. The U. S. has already begun to administer 
its antidumping and countervailing duty laws 
with increased vigor and to bargain much 
harder over the level of particular concessions 
than it has in the past—not to mention the 
excesses of the fall of 1971. This will be neces- 
sary to erase the legacy of the “soft positions” 
of the past and to establish sufficient credibility 
for any Administration to win Congressional 
and public confidence in its ability to negotiate 
major new trade liberalization without “selling 
out the U. S. interest.” At a minimum, it is 
clear that other countries can no longer look to 
the U. S. always to take the lead in launching 
negotiations and in making concessions to break 
logjams so that the negotiations will succeed. 
Indeed, as both the largest world trader and the 
largest problem for world agricultural trade, 
Europe should exercise a special responsibility 
for launching new trade talks. 

Second, other countries will have to be willing 
to make concessions on issues of real importance 
to the United States, such as the level of agricul- 
tural support prices in Europe and real market 
access in Japan. They may also have to be will- 
ing to renegotiate some of the basic GATT 
rules which govern both trade flows and trade 
relations, to make them more relevant to pres- 
ent conditions. For example, the MFN rule 
may need to be modified, to require compensa- 
tion for trade diversion inherent in the new 
kinds of “free trade areas” represented in the 
EC’s Mediterranean policy and to permit dis- 
crimination against countries which cause par- 
ticularly severe trade and/or balance-of-pay- 
ments problems. New rules are needed to cover 
issues not now treated in the GATT, or treated 
inadequately, but which have become suffi- 
ciently important to warrant some such inter- 
national treatment (e.g., foreign direct invest- 
ment and multinational corporations, environ- 
mental protection policies, regional and other 
industrial policies, export subsidies). 

To be sure, it will be intellectually and politi- 
cally difficult for these countries to make the 
needed adjustment in their views. It is hard to 
reverse the momentum of a generation, and the 
signs that they will do so are not promising at 


288 / BERGSTEN 

present. Yet they must realize that the very 
foundations of the international economic sys- 
tem are at stake, that their actions will have 
major effects on U. S. internal politics, and act 
accordingly. 

Fortunately all countries have a common 
long-run interest in avoiding new trade wars, 
which would disrupt both their domestic econo- 
` mies and world politics, and in working together 
to construct a new international economic order 
and to deal with such joint problems as energy 
imports and multinational firms.** The new 
tripolar economic world which is now dom- 
inated by the United States, the expanded 
European Community, and Japan provides 
them with plenty of scope for shifting coalitions 
in search of particular short-term goals. The 
U. S. and Japan together oppose Europe’s dis- 
criminatory restrictions against Japanese ex- 
ports and its proliferating preferential arrange- 
ments. The U. S. and Europe together oppose 
Japan’s continued import restrictions and un- 
bridled export surges. Japan and Europe to- 
gether seek to eliminate some present U. S. 


n A further international political complication is that 
the less developed countries may oppose a new multilateral 
trade negotiation, even though they would not be required 
‘to extend reciprocal concessions, because it will erode the 
value of their newly won tariff preferences. This position is 
extremely short-sighted. On the one hand, the preferences 
are not very meaningful in economic terms (and the U. S. 
has not even extended any). On the other, the economic 
health of the LDCs rests fundamentally on healthy eco- 
nomic relations among the DCs. If a major new trade nego- 
tiation is needed to avoid continued slippage toward a 
world of trade restrictions, the LDCs—who need market 
access for their exports even more than do the DCs— 
would be among the major beneficiaries. 
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trade barriers, certainly wish to avoid new U. S. 
restrictions, and probably join in opposing the 
U. S. effort to free world agricultural trade. As 
long as these coalitions shift from issue to issue, 
they could form a stable basis for moving ahead 
on liberalization through a series of high-level 
policy trade offs.*4 


Conclusions 


It will obviously be difficult to achieve major 
progress on all the issues discussed in this paper 
within even the next few years. If the condi- 
tions outlined do not overstate what is needed, 
one must conclude that the outlook for revers- 
ing the trend of U. S. (and world) trade policy 
is dim. If this is true, the best that can be hoped 
for is minimizing the creep of additional restric- 
tions while progress is made on the several 
needed fronts. 

The early commencement of international 
negotiations on a limited range of issues, even 
in the absence of new Congressional authoriza- 
tion for the U. S. to liberalize, is one of the 
necessary steps. But even such negotiations are 
unlikely to produce much change in world trade 
in agricultural products. 

The outlook for freer trade in farm products 
is thus close to nil, in at least the short run, with 
a far greater probability of increased protection 
as internal policies, especially in Europe, con- 
tinue to distort the markets for agricultural 


. output. 


™ See Yalem [10, pp. 1051-1063], for an analysis of in- 
ternational political tripolarity which is broadly relevant 
to these considerations of international economic tripolar- 
ity. 
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Prospects for Freer Agricultural Trade 
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poor to only moderately good as we look 

to the formal beginning of a general trade 
negotiation late in 1973. At the same time, 
prospects for expansion of the volume of trade 
in agricultural products in the 1970’s appear to 
be rather good. If both these statements are ac- 
curate, then agricultural trade expansion is not 
dependent on trade liberalization or freer trade, 
although the rate of expansion surely is. Forces 
other than liberalization of the world’s trading 
rules and procedures would expand trade, even 
while a number of important trading countries 
are taking actions which would be considered 
trade restrictive. 

In judging prospects for freer trade to be 
limited in the 1970’s, I refer especially to the 
agricultural trade restrictive measures associ- 
ated with the enlargement of the European 
Communities, the very deliberate rate at which 
Japan has been increasing her imports of cer- 
tain products while slowly but surely limiting 
her agricultural economy, and the political 
leverage farm groups have in the U.S., to pre- 
vent or limit actions leading to freer trade in 
products the U.S. imports (or would import 
under a regime of freer trade) while pressing for 
agricultural trade concessions abroad for U.S. 
exports. 

In judging prospects for expansion of agri- 
cultural trade to be rather good in the 1970's, 
I have in mind the continuing growth in in- 
comes and in the demand for livestock products, 
the inexorable increase in Japan’s grain and oil- 
seed imports, the continuing difficulties in the 
USSR (entirely apart from 1972’s crop failure) 
in producing enough grain and oilseeds to match 
its meat production targets, the new trade re- 
lationship of China with the rest of the world, 
and indications that even as the Green Revolu- 
tion spreads, the developing countries will 

‘experience great difficulty in meeting their food 
needs. These developments will almost inevi- 
tably lead to substantial expansion of world 
trade in grains and oilseeds and their products, 
items which constitute an overriding share of 
trade in temperate agricultural products. This 
‘trend, at least for grains, cannot be expected 
‘to take off from the 1972-73 level, which will 
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be some 15-20 percent higher than ever before 
achieved because of the spectacular crop failure 
in Russia, but from the average level achieved 
in the past 2-3 years. 

The fact that agricultural trade has Sid 
these past 10 to 15 years despite the failure to 
achieve general trade liberalization, and the 
tantalizing prospect that agricultural trade will 
expand again in the next 10 or 15 years without 
regard to the outcome of pending agricultural 
trade negotiations will surely limit the interest 
of Westem Hemisphere farm groups in the 
negotiations that are scheduled to .begin in 
1973. This is not to say that farm groups or 
agricultural analysts in exporting countries do 
not believe there is gold to be found in trade 
liberalization. Rather, it means that the surface 
layer will be mined first—taking the trade that 
comes easily. At the same time, negotiators and 
the interested pressure groups would continue 
to go through the motions of renewing their 
claims to the rich vein of expanded trade buried 
under layers of EEC and Japanese protection- 
ism in the form of high domestic price guaran- 
tees and other trade restrictive practices re- 
lating to farm products. It would be generally 
recognized that the trade results associated 
with more rational domestic farm policies 
abroad would be realized only over a long time 
period. 

The developed world finds itself today in an 
agricultural situation similar to that of the 
early 1960’s, when the Kennedy Round of trade 
negotiations began. Agricultural issues were 
papered over or set aside in the Dillon Round 
of 1959 to 1961, and resolutions taken to do 
better next time. A certain amount of rhetori- 
cal recrimination was required in agricultural 
and political circles to keep this past failure in 
sight, so as to reduce the risk of repeating it in 
the Kennedy Round. Europe was in the early 
stages of implementing a Common Agricultural 
Policy, which had been designed to protect 
European producers, and, implicitly, to reduce 
access of agricultural exporters to European 
markets. The CAP was being implemented in 
stages, to become generally effective about the 
time the Kennedy Round was to be concluded. 
A more diabolical timetable for failure to 
achieve liberalization in agricultural trade, that 
is, changes in domestic farm policies and other 
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regulations toward the objective of expanded 
trade, could scarcely have been conceived. 

-© Now, another round of trade negotiations is 
about to begin. Governments have pledged 
their support and leadership; working parties 
are working; negotiators are trying to find their 
way through a labyrinth of detail toward some 
general plan of attack. In agriculture, we again 
find Europe going both directions at once. The 
EEC is in the process of consolidating its ex- 
pansion by extending the Common Agricultural 
Policy to three new members. The transition 
from Britain’s, Ireland’s, and Denmark’s na- 
tional agricultural policies, which were rela- 
tively constructive from the trade standpoint, 
to the CAP will begin shortly and will conclude 
in 1977 or 1978. The Nixon Round of trade 
negotiations will begin ceremonially in late 
1973. A closing date of 1974 or 1975 has been 
mentioned, but it is more likely to conclude in 
1976 or 1977, unless it collapses or is phased so 
as to be continuous, rather than to end in a 
climatic crisis, as did the Kennedy Round. 

But to return to the parallel, the EEC, whose 
CAP has been and will be one of the principal 
barriers to freer trade and the main target of 
the exporting nations, will find itself on both 
sides of the trade liberalization fence. It will be 
a party to a trade negotiation in which substan- 
tial liberalization of agricultural trade will be 
one of the key objectives, and for certain coun- 
tries, the cornerstone. Yet the EEC will be ex- 
panding its highly protectionist agricultural 
policy to three new countries, and perhaps 
raising its price guarantees, all at the same time. 
The parallel with the Kennedy Round is un- 
mistakable, and the result may well be the 
same, unless the objectives are substantially 
revised or the terms redefined. l 

There is danger of getting on another collision 
course in the 1970’s. Consider what U.S. spokes- 
men had to say about EEC grain policy in 
October at the GATT Working Party on Ac- 
cession to the European Communities: 


Enlargement of the European Community 
by the accession of the United Kingdom, 
- Denmark, and Ireland, will have a major 
impact upon international grain trade and 
upon the legitimate interests of traditional 
grain exporting countries. The latter coun- 
tries now export about 75 million tons 
of grain annually, and one third of this is 
accounted for by imports of the enlarged 
EC.... 
Adoption of the CAP will have a dramatic 
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effect on the grain price structure in the ac- 
ceding countries. Grain price increase will be 
sharpest in the United Kingdom. For exam- 
ple, United Kingdom protection, including 
producer payments, at the end of the transi- 
tion period compared with 1971-72 levels 
would rise as follows: - 

Wheat up 48 per cent; 

Barley up 52 per cent; 

Rye up 107 per cent; 

Prices paid by United Kingdom consumers 
would show even more drastic increases. 


Those words were written as part of an argu- 
ment designed to recover some value from 
damages about to be inflicted upon world trade 
in grains between the exporting nations and the 
EEC as a result of the CAP’s expansion. But 
there is no reason to expect that the EEC will 
decide not to follow through with the agricul- 
tural policy transition, only a question of what 
the higher price guarantees will do to trade, 
what value can be placed on the lost trade, and 
how to compensate for it. In principle, the ques- 
tion of what level of guaranteed prices will pre- 
vail when the transition is completed is still 
open, since price decisions are made yearly. 
Barring miracles, we can anticipate grain price 
guarantees in the EEC at continued high levels; 
production will be stimulated and consumption 
restricted in the three new member countries, 
just as in the Six in recent years. 

In such a climate, what may we expect from 
the EEC by way of proposals for agricultural 
trade liberalization or trade expansion in the 
1970’s.? I suggest we should expect very little. 
Trade expansion is not on Europe’s agenda in 
the 1970s, except for internal trade and special 
cases. Rather, the EEC will focus on market 
organization when it talks trade with the rest 
of the world. Market organization means set- 
ting international trading prices or price ranges 
for key agricultural commodities higher than 
recent 3-year average levels, although probably 
lower than EEC internal prices. This means 
limiting the volume of trade while possibly in- 
creasing its value. Such proposals have nothing 
to do with traditional trade liberalization, but 
they have a certain logic for Europe. In fact, 
if the U.S. had the means of adhering to higher 
world trading prices when commodity supplies 
are adequate, and if the complex questions of 
equivalent prices for various qualities, and na- 
tional market shares could be worked out, such 
proposals would have a marvelous appeal to 
U.S. producer groups, although not to the inter- 
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national grain trade.-But in the unlikely event 
such arrangements could be worked out, trade 
volume would probably be restricted in com- 
parison with the results of continuing with 
existing restrictions to trade. 

Nations exporting large amounts of agricul- 
tural products will not be much more construc- 
tive on the question of freer agricultural trade 
where it really counts, that is, on those products 
they import or would import in large volume 
except for existing restrictions on such impor- 
tation. U.S. farm organizations have been fast 
friends of freer trade principally because, in the 
U.S. farm context, that means reduced levels 
of protection in other countries and expanded 
U.S. agricultural exports. When reduced levels 
of protection for dairy products, cotton, sugar, 
or peanuts are discussed, protectionist views 
generally prevail in the U.S. farm community. 
The same is true in Canada and Australia, and 
this will change only ac and under pressure 
. from government. 


Pursuing Self-Interest as Well as Negotiations 


The political pressures and the economic ra- 
tionale for trade restrictive domestic agricul- 
tural policies have arisen principally out of the 
concept agricultural pressure groups in various 
countries have of their own self-interest and 
that of agricultural producers. The rationale 
for political actions by governments aimed at 
limiting the protective impact of agricultural 
policies and realizing to a greater degree the 
benefits of international division of agricultural 
labor by consumers will have to arise out of a 
similar political assertion of self-interest by 
other groups. This is difficult and will probably 
take a long time. Urban and consumer groups 
are not highly organized in most countries, and 
making a direct challenge to trade restrictive 
agricultural policies is seldom near the top of 
their political action agenda. Governments also 
tend to be more responsive to organizations and 
traditions which have developed out of the past 
than to political groups which are just emerging. 

Tf a government is to follow the self-interest 
of the majority of its citizens in the matter of 
agricultural price guarantees, budgetary ex- 
penditures, food prices, and trade, it must find 
ways of judging what that interest is. Little 
definitive study has been devoted to this ques- 
tion so far as agricultural policies are concerned. 
Yet I believe there is a broad intuitive judg- 
ment among economists and the public that if 
all the costs and benefits could be weighed, the 
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customary defensive responses by governments 
to external challenges to their most protection- 
ist agricultural prices and income programs 
have cost more over recent decades and genera- 
tions than carefully timed remedial actions 
would have cost over a similar time span. Such 
remedial or compensatory actions would not 
represent a retreat from long-standing public 
and treasury commitments to farm people, but 
would be-a means of compressing adjustment 
and income payments into a limited time 
period, while helping certain farm people and 
their children to shift into new lines of employ- 
ment. Decisive agricultural actions of this type 
have seldom been taken by governments, ex- 
cept on a token or pilot basis, because the or- 
ganizational and power base needed to prepare 
seriously for the future has seldom been as 
powerful as the groups organized to slow the 
future or to preserve the past. The slow prog- 
ress on restructuring European agriculture, and 
the virtually total neglect of restructuring as- 
sistance in the U.S. are current demonstrations 
of this fact. 

Major trading nations will find themselves 
on rather different time-tables over the next 
two decades in amending their domestic agri- 
cultural policies in a manner that would expand 
agricultural trade beyond the levels that will 
prevail under existing policies. This results from 
the differing stages of economic development 
and differing balances of political power in vari- 
ous countries. As a result, the time-honoured 
tradition of reciprocity in trade negotiations, to 
the extent it must be applied within agricultural 
sectors, is not a very useful rationale for altering 
domestic agricultural policies of major coun- 
tries. The underlying notion that imports are 
inherently bad for a country while exports are 
good, and that tariff reductions (or domestic 
farm policy changes that would have similar 
effects) by a country benefit other countries 
most of all is an insidious and self-defeating 
concept. 

Transferred to the idea of altering domestic 
agricultural policies in ways which would ex- 
pand trade, the desire on the part of countries 
for a degree of intrasector reciprocity is simply 
a formula for not improving agricultural poli- 
cies, even. when over the short or long-run it is 
clearly in the public interest to do so. In the 
future, the U.S., for example, should look at its 
price support level for milk and the associated 
quantitative restrictions on dairy product im- 
ports, or at its subsidy payments to cotton and 
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wool growers, in terms of its own interests as 
broadly conceived, and not in terms of what 
other countries are about to do in such matters. 
If it is in the public interest to rely more on 
butter imports than in the past because Ameri- 
can farmers demand a very high price to pro- 
duce enough butter to meet the demand, we 
should not wait until Europe is in a political 
position to lower its grain price guarantees, or 
until Australia agrees to import more tobacco 
to make a move in respect to U.S. milk prices. 
Similarly, if the U.S. is to limit or terminate 
export subsidies for wheat, tobacco, or rice, 
while preserving its competitive position in 
other ways, it should do so because, on balance, 
it is good policy and because it represents the 
way America wants to spend public money in 
the years ahead. If other nations will take re- 
ciprocal actions regarding their own farm poli- 
cies, so much the better. But we should not 
expect much. 
I find the prospective Japanese moves to in- 
crease imports of agricultural products most 
interesting, especially since they are motivated 
by internal considerations, rather than by 
formal negotiations, or reciprocity. 
By careful timing, it might also be possible to 
use the occasion of such unilateral actions on 
agricultural policy by one country to encourage 
other countries to take what would appear to 
be reciprocal actions, but would be, in fact, ac- 
` tions they were going to take in the interest of 
their own consumers or taxpayers when the 
proper occasion arose. Thus, what would appear 
to be agricultural negotiations would actually 
be a series of agricultural policy orchestrations. 

- Individual countries may want to package agri- 
cultural policy changes made for domestic rea- 
sons in the tinsel of an international negotiation 
at certain times. However, the real impetus for 
constructive, trade-expanding moves on domes- 
tic agricultural policies in the 1970’s and 1980’s 
will usually be internal. 

For example, the U.S. government recently 
terminated the export subsidy that had been 
applied to tobacco in 1966. This subsidy, in 
retrospect, was probably unnecessary to the 
U.S. competitive position, and will not be 
missed. The export subsidy on feed grains was 
ended about 12 years ago, without damage to 
the U.S. competitive position. The export sub- 
sidy on wheat, suspended this year some 33 
months and several hundred millions of dollars 
too late, can probably be forgotten, even when 
wheat supplies and prices return to more nor- 
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mal levels. Its principal function has been to 
keep U.S. market prices higher than they would 
otherwise have been, not to expand exports. 
Each of these actions would have been useful 
offers in a trade negotiation. Fortunately, the 
Government did not wait for a negotiation, but 
moved in response to other events. 

Various countries are in different positions 
with respect to the internal possibilities for im- 
proving agricultural policies in a way that 
would expand agricultural trade. Japan, despite 
its continued high level of protection on agri- 
cultural products, has for the past ten years 
given the world an important example of limit- 
ing its agricultural policies in the interest of im- 
port expansion without apparent reciprocity on 
the part of other countries. Japan embarked 
many years ago on a policy of increasing reli- 
ance on agricultural imports, and this is con- 
tinuing. Japan’s growing import demand arose 
partly from limited agricultural resources and 
partly from basic changes in the pattern of food 
consumption associated with higher levels of 
income. These income patterns seem likely to 
continue. Japan, with some difficulty, could 
probably have held the importation of cereals 
over the past ten years to lower levels and could 
have relied more heavily than she has upon 
foods produced at home. Instead she went the 
route of greater reliance on imports. Japan is 
now becoming reconciled to a situation in 
which agricultural pursuits by most cultivators 
will be a subsidiary activity, with income from 
non-agricultural sources being most important 
to the family. There is still much room for im- 
provement in the structure of Japanese agri- 
culture and agricultural policy. Yet it is gen- 
erally expected, because of increased demand 
for livestock products, that her imports of agri- 
cultural products will increase rather rapidly 
over the coming decades, almost without re- 
gard to what kind of agricultural policies Japan 
pursues, or what the rest of the developed coun- 
tries do. The new Government may move more 
swiftly toward greater reliance on imports than 
had been expected, as noted above. 

The European Economic Community will 
one day find itself in a position similar to Japan 
today. Demands for agricultural products will 
rise more rapidly than Europe’s ability to pro- 
duce them at reasonable prices, even with a 
rapidly changing agriculture. This will coincide 
with a rise in urban political power. The time 
for this is still some distance away. Europe has 
the technological capacity to increase agricul- 
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tural production materially in the 1970’s, so 
long as price incentives are kept high. Thus, the 
potential market for agricultural products in 
Europe will tantalize but probably disappoint 
agricultural exporting nations in the 1970’s and 
1980’s. European governments and the EEC 
Commission will find. themselves unable to meet 
the political challenge required to turn in- 
creasingly to agricultural imports, while com- 
pensating for rapid agricultural change with the 
gains from food imports. The prospects for 
change would be enhanced if Treasury Minis- 
ters there were having a strong influence on 
agricultural expenditures, but so far they are 
not, and I do not expect them to. 

The great problem the rest of the world faces 
now with respect to Europe is to find ways to 
help the EEC avoid further increases in the 
level of agricultural protection as it expands in 
the 1970's. A great deal of momentum has been 
generated by eight years of increasing levels of 
protection under the Common Agricultural 
Policy, and by the decisions taken in connection 
with enlargement of the EEC. The political 
lessons of that period have not been lost on the 
more sophisticated and better financed farmers 
of the 1970’s, including those in Britain, Den- 
mark, and Ireland who are about to share in 
the CAP for the first time. Perhaps the pressure 
of a general trade negotiation will be useful as a 
defense against new increases in protection that 
would otherwise develop, but not to begin a 
reduction in agricultural protection. 

The American role in furthering progress 
toward freer agricultural trade in the decade 
ahead can take several forms. Like Europe, the 
U.S. is in some danger of falling back into old 
agricultural policy errors. Some farmers and 
their representatives still want “cost of produc- 
tion,” including a market return on the capi- 
talized value of land, and “full parity prices.” 
Some producers in the U.S. believe world 
trading prices for grains have been too low most 
of the time, and remain willing to search for 
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the means of raising them, possibly through 
higher domestic price guarantees and -even 
through pricing formulas in commodity agree- 
ments, despite the poor results so far. Avoiding 
the error of a new and costly round of producer 
subsidies on export crops is one contribution 
the U.S. can make in the 1970’s. The battle- 
ground on this question will be in Congress, 
where attempts will be made to fix higher price 
or subsidy guarantees, and in the Executive 
Branch, where the budget managers will try to 
reduce the more flagrant welfare payments to 
already prosperous farmers. Making permanent 
the recent actions terminating, or at least limit- 
ing, export subsidies on wheat, rice and to- 
bacco, would certainly be constructive. Phasing 
down producers subsidies to cotton growers, the 
real purpose of which are to encourage produc- 
tion of cotton for export in competition largely 
with developing countries, would also be gen- 
erally applauded. 

A second approach would be to take some 
small initiatives toward increased agricultural 
imports where it would hurt least at home. 
Dairy products and beef offer the best prospects, 
and a start has been made on the latter under 
the pressure of recent high prices. When the 
Sugar Act is renewed in 1974, imports could be 
given a larger share. But the U.S., like other 
countries, will move toward greater agricul- 
tural imports largely for its own reasons or not 
at all, and not because Europe will reform the 
CAP or because Japan has reduced the duty 
on soybeans. The force of good example in 
trade relations is very limited compared with 
the power of budgetary restraint. Only when 
nations decide that agricultural protection 
costs too much will freer trade be réalized on a 
faster timetable. Until then, we can rely with 
some confidence on a slow expansion of world 
trade in major agricultural products, with the 
traditional exporters sharing the principal 
benefits. 


The Impact of Freer Trade on North American Agriculture 


D. Gate JOHNSON 


ORTH AMERICAN agriculture has much to 
gain from freer trade in farm. products 
and from freer trade generally. It is 

true that some sectors would be required to 
make significant resource adjustments and in 
some instances significant capital losses would 
result from reductions in protection. But the 
major sectors of North American agriculture— 
the sectors that employ most of the labor, land 
and capital—would gain from a significant ex- 
pansion in demand. If the reduction in barriers 
to trade in farm products would reduce the 
average rates of nominal protection to approxi- 
mately the same as the protection of industrial 
products, the expansion in demand for the out- 
put of North American agriculture probably 
would be sufficient to return to cultivation all 
the land that has been idled by government 
programs in the United States and permit the 
relaxation of the marketing limitations that 
prevail in Canada. 

The strong conclusions about the impact of 
freer trade on North American agriculture are 
based on three major assumptions: major sec- 
tors of North American agriculture have sig- 
nificant degrees of comparative advantage; the 
sectors of agriculture that have a comparative 
disadvantage utilize a relatively small per- 
centage of the land and labor resources engaged 
in agriculture; and freer trade in agricultural 
products among the major industrial countries 
would result in a large expansion in the value 
and volume of international trade in farm 
‘products. Each of these assumptions will be con- 
sidered in turn. 


Comparative Advantage and Disadvantage 
i of Major Farm Products 


Based on work that has been reported else- 
where [5, 8], assuming approximately the 
prices of farm products in international markets 
in recent years, the following ranking of the 
comparative advantage of major farm products 
can be made:! 


1 Where there is some difference in the comparative ad- 
vantage positions of Canada and the United States, this is 
indicated by insertion of (C) or (US) after the commodity. 
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Clear Clear 
Comparative Uncertain Comparative 
Advantage . Disadvantage 
Feed grains Rice Manufactured 
Corn (US) Cotton dairy 
Barley Flaxseed (US) products 
Grain Sorghums (US) Tobacco (C) Sugar 
Oats (C) Pork Wool 
Oilseeds Beef Lamb and 
Soybeans (US) Oats (US) mutton 
Rapeseed (C) Com (C) Peanuts 
Flaxseed (C) 
Wheat 
Tobacco (US) 
Poultry 


Because both the United States and Canada 
have farm programs that influence production 
and marketing decisions for several of the farm 
products, the fact of exports does not prove that 
a particular product is produced at a compara- 
tive advantage. However, in estimating the 
comparative advantage status an effort has 
been made to determine the nonland costs of 
production and what the probable advantage 
position would be if the programs were elimi- 
nated. It should also be noted that recent inter- 
national prices do not reflect what prices would 
be if there were free or substantially freer trade 
in farm products. However, two independent 
estimates [2, 6] of the changes in international 
prices if there were free trade indicate that 
changes in relative prices would be relatively 
small, with the largest changes occurring for 
farm products that North America produces 
with a clear comparative disadvantage (manu- 
factured dairy products, especially butter, and 
sugar). International prices of feed grains and 
wheat would either remain unchanged or in- 
crease slightly. International prices of beef 
would increase and might shift North America 
into a position of a small comparative advan- 
tage for some grades of beef (choice and prime) 
though with continuing substantial imports of 
lower grade breef for manufacturing. 

Farm programs in the United States transfer 
significant amounts of income to farmers for 
both wheat and feed grains. In recent years pay- 
ments under the wheat program have been 
about 40 percent of cash receipts from market- 
ings; the similar percentage for feed grains has 
been 30 percent. However, until 1971 over half 
of all feed grains—in some years as much as 60 
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percent—was produced outside the feed grain 
program and for the market price, which re- 


flected the export price. Farmers who did par- | 


ticipate in the program were required to divert 
or set aside substantial quantities of cropland, 
and a significant part of the payments under the 
feed grain program was required to compensate 
farmers for the rent on the diverted land. The 
comparative advantage position of wheat is 
somewhat more difficult to disentangle because 
of the retention of export subsidies (approxi- 
mately 10 to 15 percent of the farm price in 
most years since 1964) and the much greater 
importance of payments relative to the value 
of production. But estimates of the difference 
between nonland costs of production and the 
market price indicate that in the absence of 
payments wheat production would still be quite 
profitable in the United States and that elimina- 
tion of the wheat program would result in an 
expansion of wheat output at recent export 
prices. 

Canada has provided only modest levels of 
protection for the feed grains, though through 
the operation of the Canadian Wheat Board 
and, more important, large subsidies for the 
internal transportation of wheat, the nominal 
protection of wheat production has been rather 
substantial—perhaps of the order of 20-25 per- 
cent [7, pp. 66, 75].2 But in Canada, as in the 
United States, the primary effect of reducing 
subsidies would be to lower the price of land 
rather than significantly affect the output of 
wheat. In most recent years Canadian wheat 
output has been influenced by marketing re- 
strictions or by special programs to reduce the 
area devoted to wheat such as the LIFT pro- 
gram in 1970. Even if the removal of subsidies 
and other governmental measures resulted in 
some contraction of wheat production in North 
America, which I doubt, most of the resources 
would be transferred to the production of feed 
grains or to forage for cattle. 

North America has a clear comparative ad- 
vantage in the production of oilseeds. No sig- 
nificant subsidies have been involved in the 
production of soybeans, except for P.L. 480 
disposal of oil, and rapeseed or flaxseed. In 
fact, the U.S. feed grain program has probably 
restrained soybean output because soybeans 
cannot compete with the payments for volun- 
tary diversion or set-aside. 

Most products in the uncertain category are 


3 The estimate is for 1965 through 1969. 
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there either because governments programs 
may have been maintaining output above the 
free trade level or because it is anticipated that 
freer trade could result in a shift toward ex- 
pansion of either imports or exports. There is 
only limited world trade in pork, except for 
lard and cured products. Beef is a highly diverse 
product and was commented on earlier. 


Resource Use by Products with a 
Comparative Disadvantage 


The fraction of the agricultural resources of 
North America used to produce farm com- 
modities with a comparative disadvantage is 
quite small. The only important sector that is 
involved is manufactured dairy products. 

Other farm products in this category—sugar, 
peanuts, wool, and sheep—are quite minor in 
their relative resource use. The crop area de- 
voted to sugar in North America totals only 
2.2 million acres or only 0.5 percent of the total 
cultivated area; even if sugar land is considered 
three times as valuable as other cropland, the 
percentage of total value is only 1.5 percent. In 
the United States (mainland) only 1.5 percent 
of all direct farm labor used on crops and live- 
stock is devoted to sugar; the percentage for 
Canada is substantially smaller. 

Peanut production, concentrated in the 
southern part of the United States, requires less 
than 0.4 percent of North American cropland 
and about the same small percentage of total 
direct labor. Under free trade peanut produc- 
tion would be reduced substantially, but it 
would probably not be entirely eliminated. f 

Based on animal unit conversions for the 
United States, sheep use no more than 2 per- 
cent of all feed (grain and roughage) in North 
America and probably a smaller fraction of all 
labor. 

In North America all dairy cattle constituted 
approximately 20 percent of the total cattle 
herd in 1970. Based on feed use in the United 
States, all dairy cattle consumed about 17 per- 
cent of all livestock feed. But only about half of 
all milk produced is used for manufacturing 
purposes. The remainder is used for fluid con- 
sumption and would continue to be produced in 
North America under free trade. Nor would 
milk used for manufactured products be en- 
tirely displaced by free trade. There are two 
primary reasons: first, if there were general free 
trade in manufactured milk products, the inter- 
national prices of such products would increase 
very substantially and some North American 
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output would be profitable at those prices; 
second, because of seasonal and daily varia- 
tion in supplies, a significant amount of milk 
would be available for manufacturing as a joint 
product of fluid use. This amount on an annual 
basis would be approximately half of the fluid 
use. Thus the maximum reduction in total milk 
production in North America would be of the 
order of 25 to 30 percent. At the extreme, reduc- 
tion in milk production would diminish feed 
use by about 5 percent or the equivalent of 
about two years of growth in North American 
feed use. Direct reduction in labor requirements 
would be somewhat less than 5 percent, though 
the total reduction, including labor used to 
produce feed, would be about 6 percent. 

The total of the adverse effects of free trade 
on the demand for farm resources would be less 
than 10 percent for both land and labor and 
probably not more than 6 percent for land and 
8 percent for labor. 


Expansion of Trade 


If there were only a moderate degree of pro- 
tection of farm products—-say 10 to 15 percent 
—the increase in international trade for grains, 
manufactured dairy products, sugar, beef, and 
oilmeals—would be substantial. There might 
also be a significant expansion in tobacco 
trade, though since the effect on North America 
would be fairly small, nothing more will be said 
on this point. As noted above, North America 
would import substantial quantities of manu- 
factured dairy products and sugar under free 
trade. 

It is not altogether clear how North America 
would fare with respect to beef. With free trade 
in beef, the price of the type of beef imported 
into North America—beef for manufacturing 
purposes—would increase quite significantly. 
North America does not produce very much 
beef of the type imported, and production has 
been declining and would decline further as 
dairy production would decline under competi- 
tion from imports. Thus both the quantity and 
value of such beef imported would increase 
though the increased quantity would displace 
domestic production to only a minor degree. 
If there were only nominal protection of beef in 
the major industrial countries, I believe that 
an export market for the fed beef produced in 
North America would develop. The major 
market might well be Japan, but there could 
also be an important outlet in Western Europe. 
Perhaps the major limiting factor on such ex- 
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ports could be the difficulty of expanding pro- 
duction in North America to meet a rapidly 
growing domestic demand at real prices near 
those now prevailing. Under low nominal pro- 
tection of feeds as well as beef in Western 
Europe, the price of beef should decline sig- 
nificantly. I have estimated elsewhere [4, pp. 
89-90] that beef consumption in Western 
Europe would increase by about a million tons 
if there were free trade in grains and beef. 
While some part of the additional beef would be 
produced in Western Europe through transfer 
of resources now used for grains, a significant 
part would be imported. Since North American 
fed beef could be sold in Western Europe at 
approximately the current prices of much 
lower quality beef, significant exports from 
North America could materialize. 

A major expansion of beef production in 
North America would require,fuller use of land 
now diverted under farm programs in the 
United States and perhaps some diversion of 
land from grain to pasture in both Canada and 
the United States. The major limiting factor in 
expanding beef production is production of 
calves, not the concentrated feeds to fatten 
calves and young beef animals, While much can 
be done to improve the carrying capacity of 
existing pastureland used for beef cows and 
calves, expansion of beef production to meet 
rather rapidly expanding domestic demands plus 
a modest level of exports would make possible a 
more effective use of land resources in North 
America than is now possible. 

In my opinion, there would be a substantial 
market for North American fed beef in Japan. 
As a matter of policy, beef consumption has 
been kept extremely low in Japan. Per capita 
beef consumption remained unchanged be- 
tween 1955 and 1967, despite the enormous 
growth in per capita incomes, at about 2.5 
pounds per capita. While some increase in beef 
imports has been permitted in the last three 
years, per capita consumption has increased 
to no more than 4 percent of the North Ameri- 
can level. Where the livestock product could be 
produced in Japan (pork, poultry, eggs, and 
milk), per capita consumption increased by 
three to eight times between 1955 and 1967 
[4, p. 92]. 

If Japanese beef and veal consumption in- 
creased to only a quarter of the North American 
level—probably a low figure for the end of this 
decade if the Japanese were permitted by their 
government to purchase beef at reasonable 
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prices—beef and veal imports would be at least 
a million tons. If a significant fraction were fed 
beef, the import cost would take care of more 
than an eighth of the present current account 
surplus in the Japanese balance of payments. 

There is little likelihood of a significant ex- 
pansion of international trade in pork if there 
were free trade. The hog is apparently a ubiqui- 
tous animal; except for cured products, locally 
produced pork products are generally preferred 
over foreign or imported products which would 
now generally be frozen and thus subject to a 
discount in most markets. There is considerable 
debate about whether North America would be 
a major exporter of poultry products under 
free trade. I would guess, and it is little more 
than that, that the rate of effective protection 
of poultry production in the Common Market 
is at least 25 percent. This is based on an im- 
port levy that provides nominal protection of 7 
percent after full reflection of higher feed grain 
prices. Some would argue that the higher feed 
grain prices are more than fully reflected in the 
sluice gate price due to substitutions among 
feeds (some of which enter duty free) and a 
failure to adjust the formula to reflect reduc- 
tions in feed requirements. The full technology 
of broiler production has not been quite as 
easy to transplant as it was originally thought 
to be. 

Expansion in trade in the grains that would 
follow from free trade would have the greatest 
impact upon resource use and prices in North 
America. During the last half of the 1960s 
North America exported about 21 million tons 
of feed grains and 30 million tons of wheat.? 
Total production averaged about 160 million 
tons of feed grains and 58 million tons of wheat. 

Free trade in grains would have two impor- 
tant effects upon the volume and value of in- 
ternational trade. The first would be a reduction 
in production in Western Europe and Japan; 
the second would be a significant increase in 
consumption of feed grains in the same regions. 
The consumption effect, in the case of feed 
grains, would probably be somewhat larger 
than the production effect and, it should be 
remembered, the two effects would be additive 
so far as import demand is concerned. It is not 
clear that Japan would have the production 
capacity to produce all of the meat, poultry and 
dairy products that would be demanded under 
a free trade situation. For pork and poultry 
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such a possibility probably exists, but not for 
beef and dairy. However, whether the beef and 
dairy products are produced in Japan is largely 
irrelevant to the demand for feed grains pro- 
duced in North America. If the dairy products 
imported into Japan were primarily produced 
in Western Europe, the West European demand 
for feed grains (and oilmeals) would be in- 
creased as a result. If the beef imported from 
Japan were produced primarily in Oceania, the 
feed grain exports from Oceania would be 
substantially reduced. 

If it is assumed that Japanese consumption 
of livestock products in 1980 would be one half 
the 1960 U.S. level, total grain exports from 
North America in 1980 might be close to 100 
million tons or nearly double the level during 
the last half of the 1960s. Comparison with 
1960 U.S. consumption levels is based on the 
FAO projection that in 1980 per capita -con- 
sumption expenditures in Japan would be at the 
1960 U.S. level. 

Of the projected increase in exports of grain 
from North America, slightly more than half 
would go to Japan or to produce livestock 
products for export to Japan and about a third 
would go to Western Europe. Small additional 
quantities would go to Eastern Europe and to 
some of the developing countries. In these 
rough projections it is assumed that grain ex- 
ports from Argentina and Australia would in- 
crease by nearly as much as the increase in 
North America. If Japanese per capita con- 
sumption of livestock products were to increase 
to approximately 75 percent of the 1970 U.S. 
level by 1980 or a somewhat later date, the 
expansion of grain exports would be perhaps 10 
million tons greater than projected above. 

Free trade would result in a significant ex- 
pansion in the export demand for North 
American oilseeds. At the present time the oil- 
seeds are not faced with significant import 
restrictions and, in fact, heavy protection of 
grain in Western Europe has encouraged use of 
oilmeals by distorting the price relationships 
between feed grains and oilmeals. But the sub- 
stantial expansion in livestock production that 
would result from free trade would be quite 
favorable to oilseed and oilmeal exports. With 
no change in farm policies and protection, it 
has been projected that U.S. soybean exports 
would increase by 75 percent between 1970 and 
1980 [1]; Canadian exports of rapeseed, start- 
ing from a much lower level, would probably 
Increase as much. Almost all the effect of free 
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trade on the oilmeals would be a consumption 
effect; most major importers of oilmeals do not 
produce oilseeds in significant quantities. And, 
as noted, some effects of free trade would be to 
reduce consumption of oilmeals per unit of 
livestock output because of changes in price 
relationships. But the expansion of livestock 
production should be large enough to result in 
some increase in oilseed and oilmeal exports, 
perhaps by as much as a third. It needs to be 
recognized that further expansion of oilseed 
output to meet protein feed requirements will 
have a depressing effect upon vegetable oil 
prices. 

The value increase in North Anena grain 
and oilseed exports would be approximately $5 
billion if one assumes that the price effects of 
free trade would be 10 to 15 percent for grains 
and 20 percent for oilseeds. This expansion in 
demand should be sufficient to return all di- 
verted land in tbe United States to cultivation 
and to permit the removal of various marketing 
restrictions that exist in Canada. I do not mean 
to say that all 60 to 65 million acres of diverted 
land would return to annual cultivation in the 
United States. In 1950-53 when demand was 
strong and crop prices relatively high and there 
were acreage allotments in only one year, 70.9 
million acres of cropland were neither harvested 
nor pastured [9]. In 1964 when 55 million 
acres of cropland were divered under the farm 
programs, the total cropland neither harvested 
nor pastured was 89.8 million acres [10]. Over 
the same period the land in summer fallow in- 
creased by 13.4 million acres or by 70 percent 
of the increase in idle or fallow cropland. It is 
unlikely that elimination of the farm programs 
would result in much decrease in the amount of 
summer fallow because most of the change in 
summer fallow area over the past two decades 
can be explained on the basis of changing cost 
relationships, including increased labor costs 
and the declining price of nitrogen. 

In addition the anticipated increase in de- 
mand for beef should result in some part of the 
land now used for crops or land that is truly 
diverted being converted into permanent or 
rotation pasture. Thus the amount of Jand that 
would return to crops in the United States 
could hardly exceed 20 million acres and it 
could be rather less. 

However, if there were free trade in agricul- 
tural products, North American farmers would 
have to forego some rather substantial sub- 
sidies that they now receive. In the wheat and 
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feed grain sector in the United States these 
payments amounted to $2.4 billion in 1970 and 
rather more in 1971 and 1972. In Canada the 
subsidies. are significantly less important and 
have been estimated by the USDA to have 
been $242 million in 1969. 


Resource Demands in 1980 
with Free Trade 


If current agricultural and trade policies of 
the industrial countries are maintained to the 
end of this decade, several recent projections 
indicate a rather gloomy outlook for North 
American agriculture. The most recent projec- 
tions made by FAO for 1980 indicate that ex- 
port availabilities of wheat and coarse grains 
would exceed import requirements by more 
than 60 million tons or by more than the total 
of North American exports in recent years 
[2]. Obviously such an excess supply would 
not be generated, but much of the adjustment 
would of necessity have to be made in North 
America as the major grain exporter—approxi- 
mately 60 percent of the world’s total in recent 
years. FAO projections indicate a faster growth 
of export availability than of import require- 
ments for oilseeds, though North American 
exports could continue to expand though at a 
lower rate than during the 1960’s. Projections 
made for the United States and Canada lead-to 
similar conclusions. USDA projections indicate 
that it may be reasonably expected, with no 
changes in agricultural and trade policies, that 
domestic and export demand for farm products 
would increase by 18 percent during the 1970s 
[1]. But this projection was made without 
taking into account the enlargement of the 
European Common Market, and population 
growth in the United States may have been 
overestimated by 2 or 3 percent. These two 
factors could bring the growth in demand for 
U.S. farm output down to 12 or 13 percent for 
the decade. 

Projection studies of farm exports generally 
are based upon one of two approaches: a projec- 
tion of export availability, the residual between 
domestic production or use; and a projection of 
export demand, based upon certain assump- 
tions about the policies, production, and de- 
mand in importing and competing exporting 
countries. FAO followed the first approach. The 
Canadian Federal Task Force on Agriculture 


4 Base for comparison has been changed from 1967-69 
to 1969-71. 
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followed the second approach and projected 
1980 grain exports at 12 million tons (10 million 
tons of wheat) [7, pp. 98-100]. This projection 
implies no important change in the level of 
Canadian grain exports by the end of the de- 
cade. It is clear, however, that at recent levels 
of real farm prices, Canadian production of 
grain could increase substantially during the 
decade. Culver projected slightly more than 
40 percent increase for U.S. grain exports be- 
tween 1967-69 and 1980. But the U.S. projec- 
tion was made without consideration of the 
enlargement of the EC. With enlargement of 
the EC and if the Soviet Union is not a net 
importer of grain in 1980, it is unlikely that 
1980 North American grain exports would 
exceed the levels of the late 1960s. 

Some considerable part of the potential ex- 
cess output of wheat in North America can be di- 
verted to meeting the growing demand for beef. 
This would occur by shifting land and resources 
to the production of feed grains and by expand- 
ing the area of pasture. But even with this shift 
it is highly probable that total demand for 
agricultural resources during the decade would 
grow-somewhat less rapidly than the capacity 
to produce at recent real farm prices and a 
continuation of current farm programs. 

With free trade the expansion of demand for 
grains and oilseeds would go a long way and 
perhaps all the way toward full utilization of the 
agricultural resources of North America at 
recent real farm prices and perhaps result in 
some increases in those prices. 

If summer fallow is included as a part of 
cropland utilized, approximately 90 percent of 
the cropland area of North America is used for 
wheat, feed grains, oilseeds, and forage crops. 
Except for the part of feed grains and forage 
crops used for dairy production, the area de- 
voted to the specified crops either has a com- 
parative advantage or is used for further pro- 
cessing by farm products either having a com- 
parative advantage or where there would be no 
significant increase in imports if there were 
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free trade. Based on earlier estimates of the 
effect of free trade on use of land resources by 
dairying, the reduced output of dairy products 
would result in loss of an outlet for about 5 
percent of total land resources. Thus the ex- 
pansion of demand would apply to approxi- 
mately 85 percent of total cropland and a 
somewhat smaller fraction of total pasture. 
While the fraction of labor resources that 
would be adversely affected by free trade would 
be small—approximately 8 percent—it cannot - 
be concluded that the remaining uses would be 
directly and favorably influenced by the ex- 
pansion of demand under free trade. Farm 
products with a comparative advantage, es- 
pecially the grain crops, are labor extensive as 
one would expect. Based on U.S. data, the 
livestock and crops with a comparative ad- 
vantage or no disadvantage utilize somewhat 
more than half of total direct labor. Fruits, 
vegetables, and cotton utilize nearly 20 per- 
cent of farm labor in the Uhited States, though 
a much smaller fraction in Canada. Expanded 
demand for farm labor that would result from 
freer trade would not be large enough to prevent 
the long-run downward trend in labor use in 
agriculture. The net effect on labor use as of 
1980 might be of the order of 5 to 10 percent, a 
modest offset to the probable reduction of a 
third in the farm labor force that would other- 
wise occur during the decade in North America. 


Conclusion 


North American agriculture could gain sub- 
stantially from freer trade in farm products. 


_ The gain would not be without its costs since 


there are some sectors that are producing at 
their current levels only because of substantial 
protection. North American farmers cannot ex- 
pect to obtain significant reductions in the 
barriers to their exports unless there is a will- 
ingness to reduce barriers for the farm products 
that would be imported in substantial volumes 
in the absence of such barriers. 
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Discussion: D. E. Haraaway, The Ford Foundation 


One cannot but be impressed, as I was, by 
the breadth of coverage and insights offered 
regarding the future of U. S. trade policies by 
Dr. Bergsten’s paper. I am concerned, however 
by what I consider to be a major omission of 
importance to future U. S. trade policy. His 
paper, as does Professor Johnson’s, concen- 
trates on trade policy vis-a-vis developed mar- 
ket economies and by omission, ignores the 
importance of trade with LDC’s and state- 
controlled socialist economies. To do so 
ignores 1972-73 and/or assumes that it will 
never happen again. I would argue that 1972 
did happen and, moreover, that similar years of 
agricultural production and trade will occur in 
years to come. Unless we think about and ac- 
commodate for such occurrences both we and 
many other countries are likely to have unstable 
and unmanageable trade problems in addition 
-to those already mentioned. 

The year 1972 was one of unfortunate 
weather interacting with continued mismanage- 
ment of major portions of the world’s agricul- 
tural resources. (I shall omit specifying which 
was which in order to avoid national sensibil- 
ities.) Traditional food grain exporters, such 
as Australia, Indonesia, and Thailand, were 
unable to export as expected. The two largest 
socialist states, China and the USSR, became 
major importers, and the overly optimistic 
bloom came off the green revolution, especially 
in India and Pakistan. 

I would assert, without going into the sup- 
porting arguments here, that both bad weather 
and mismanagement are likely to continue to be 
major factors which will create great year-to- 
year instability in the level of trade in agricul- 
tural products and will create a larger than ex- 
pected demand for agricultural imports in the 
LDC’s and socialist economies. This will come 
on top of their demand for imports of sophisti- 
cated capital items. 


For a variety of political reasons on both 
sides, I believe these demands must be met by 
trade mechanisms rather than by aid. Despite 
our current apparent willingness to give more 
generous trade terms to Russia than India, in 
the long run I suspect both will have to deal 
with the U. S. on a commercial trade basis. 
And neither the socialist economies or the 
LDC’s, for quite different reasons, are going to 
subscribe to the difficult rules of monetary re- 
form and exchange rates that Mr. Bergsten 
has outlined as necessary and desirable. 

Thus, I believe that the U. S. and its wealthy 
trading partners must face three different but 
equally complex sets of considerations in their 
future trade negotiations. One is the set out- 
lined so well in the Bergsten paper. The second 
is a mutual and reasonably consistent set of 
trading relationships with the relatively wealthy 
socialist economies, and the third is a special set 
of trading relationships with the LDC’s. 

Unfortunately, for both political and eco- 
nomic reasons neither the LDC’s nor the 
socialist economies will be willing or perhaps 
able to meet the conditions for trade policy 
laid out by Dr. Bergsten. They will continue to 
focus on trade balance rather than level. They 
will continue to overvalue their currencies but, 
if necessary, underprice exports. They will con- 
tinue exchange controls, import licensing, ab- 
solute quotas and prohibitions, and all the other 
devices that are anathema to free trade ad- 
vocates. Most of all they will be unwilling or 
unable to force internal adjustments to external 
economic forces. 

I cannot conceive that negotiations with the 
groups excluded from Dr. Bergsten’s considera- 
tions can do anything but add difficulty to an 
already difficult set of trade negotiations. I 
think, however, that the political forces of the 
LDC’s and the socialist countries, especially if 
aligned as they often are, will force the wealthy 
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trading nations to face up and deal with these 
problems as well as those he has outlined. I 
believe the outcome may well be an expansion 
of trade but not a liberalization of trading rules 
as we now view them. Indeed, one might ques- 
tion whether expansion rather than liberaliza- 
tion is not a more meaningful concept outside 
academic circles. 

I do not wish to give the impression that I ex- 
pect either the LDC’s or the socialist economies 
to become large sources of demand for either 
U. S. farm or industrial products on a regular 
basis in the immediate future. On the other 
hand, one cannot ignore the more than 20 
million tons of grains exported to these countries 
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in 1972-73 or the likelihood of continuation of 
appreciable exports in the future—+tf the neces- 
sary trade arrangements can be made. 

Given the general decline in enthusiasm 
among recipients as well as donors for aid pro- 
grams, I believe that we must look more re- 
alistically to commercial trade as an important 
factor in economic development. Thus, those of 
us who are still concerned with improvement 
of the well-being of the bulk of the world’s 
population hope more attention is given to their 
trade problems and interests than has been the 
case in these papers and in the U. S. concerns in 
general, 


Discussion: Tm Josune, University of Guelph 


Views on trade liberalization in agricultural 
goods seem to fall in two categories. There are 
those that see the next few years as a period of 
confrontation when bargains will be negotiated, 
threats made, and concessions granted. Coun- 
tries will have to give up some cherished parts 
of domestic policy to ease the way for progress in 
moving toward goals in other areas. Others see 
the way forward to lie essentially in the concen- 
tration of effort on improving domestic policies 
for the good of the country concerned, with or 
without the “orchestration” of such moves with 
other countries. John Schnittker is firmly in the 
second camp. There are indeed desirable 
changes which countries can make alone in their 
agricultural programs. Some will increase and 
others will decrease trade volume. But by con- 
centrating on these, a number of fruitful and 
feasible moves are ignored. 

Countries are broadly alike in their motives 
for wanting to negotiate on agricultural trade 
restrictions and the domestic programs that lie 
behind them. Each nation would primarily like 
to influence the policy of others. Put boldy, the 
reason for this is an overriding concern to ex- 
pand or preserve the market for one’s own pro- 
ducers. In exporting countries, arguments 
commonly rest on their position as “low-cost” 
or “traditional” suppliers; in importing areas 
there is agitation over “dumping” and assertion 
that the “world” market price is depressed and 
unrealistic. Such arguments come not only 
from pressure groups and lobbies, but more im- 
portantly from government spokesmen and in 
particular from Departments and Ministries of 
Agriculture. Governments find it worthwhile 


to expend considerable diplomatic energy on 
such “advertising compaigns”; they offer the 
chance to reduce domestic program costs and 
aid the adjustment of domestic agriculture. 
The rhetoric of trade liberalization often 
wrongly equated with trade expansion is used 
freely in support of such arguments. 

A second reason for governments to negotiate 
is that many agricultural policies are themselves 
largely defensive-in the sense that they are im- 
plemented to offset the effect to those of other 
countries. Export subsidies are a prime ex- 
ample; removal of such subsidies may be possi- 
ble by negotiation where no country can or will 
act unilaterally. The concept of the variable 
levy, espoused by the EEC as the main instru- 
ment for the Common Agricultural Policy, was 
primarily a device to defend the European 
market against the subsidy policies of other 
countries. 

Two other motives for negotiation in agricul- 
ture could be mentioned: to effect transfers to 
developing country producers through inter- 
national price support and marketing schemes 
—again without the scope of individual coun- 
tries—and to get a transfer of domestic re- 
sources among sectors by the process of swap- 
ping agricultural and industrial trade ‘‘conces- 
sions.” The scope for negotiation on some or all 
of these lines is considerably broader than 
Schnittker suggests. 

Schnittker is also too pessimistic on the possi- 
bility of change in Europe’s attitude to agricul- 
tural trade. The CAP has already undergone a 
remarkable though somewhat ad hoc trans- 
formation. It may be worth summarizing the 
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present CAP market support mechanisms. 
Though still thought of as the cornerstone of 
the policy, the variable levy is the main instru- 
ment of support only for feed grains. Most 
farm imports enter over fixed levies, in par- 
ticular beef and oilseeds. The derived levies 
applied to imports of poultry, eggs, and pig- 
meat are also fixed, even though they incor- 
porate a variable element to offset grain price 
differentials, in that foreign producers of these 
goods have some opportunity to compete by 
price. Producer subsidies are given on durum 
wheat and olive oil; quotas operate for sugar, 
and two-price systems help support the market 
for wheat, skimmed milk, and butter. This last 
policy resembles somewhat the marketing cer- 
tificate system in the U. S. in its effect on the 
market. Finally, an intervention-restitution 
scheme supports the butter and wheat markets 
by providing a price floor; the levies on these 
commodities act much as the U. S. Section 22 
quotas to prevent reimportation and excessive 
support cost. / 

The effect of the CAP on trade has been both 
creative, encouraging specialization within the 
EEC, and diversive, especially from countries 
such as Denmark which were excluded from 
former markets. The overall level of protection 
appears not to have increased with the forma- 
tion of the CAP. Enlargement to include the 
U.K., Denmark, and Ireland will indeed limit 
the EEC market for farm goods; the one pub- 
lished study indicates that the “enlargement 
effect” for grains will be a market contraction 
of about 0.6 million tons each year by 1980 


[1]. It is somewhat misleading to suggest that ` 


enlargement will -change the “constructive” 
trade policies of new members. Both Denmark 
and Ireland had extensive export subsidy 
schemes and tight controls on imports; the 
U.K. had been gradually abandoning its role 
as an open market for the temperature zone 
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commodities of the white commonwealth since 
1961. Increase in producer prices expected in. 
the U.K. during the transition to EEC levels is 
not out of line with those granted to farmers in 
the past four years. The impact on consumer 
prices will be more severe, and will help both to 
put internal pressure on the CAP and also to 
give the U.K. an incentive to seek a satisfactory 
outcome to the trade talks. 

There appears in the last few months to be a 
more constructive attitude toward these talks 
within Europe. The European Summit meeting 
held in Paris in October led to a political com- 
mitment to suceed. The timetable is suff- 
ciently tight to concentrate diplomatic minds. 
The analogy with the Kennedy Round is mis- 
leading. The transition arrangements for har- 
monizing price levels—a series of border tax 
adjustments like those following parity changes 
—are not a commitment to future policy or to 
prices. The full CAP is adopted as of February 
ist, 1973; after that date policy changes affect 
all members. The policy at present is under re- 
view. There is a much more relaxed approach 
to such changes even in those European institu- 
tions that have been the most staunch defenders 
of the present system. A new and much more 
political “Commission” is about to take office, 
with ambitious plans to develop community 
programs in new areas. This places a more di- 
rect budgetary control over spending on farm 
support than has been the case until now. 
Pressures are building up to use the CAP as a 
possible weapon against inflation. Decisions on 
agriculture will no longer be in the exclusive 
hands of one Commission member and one body 
of the Council of Ministers. In the situation, 
Schnittker’s pessimism regarding the substance 
of the talks on agricultural trade is not war- 
ranted; the prospects are brighter than for 
many years. 
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Discussion: G. L Trant, Canada Department of Agriculture 


Free trade in agricultural or other products 
has yet to be seen. Nevertheless, the free trade 
concept continues to be as useful for its pre- 
scriptive validity as it is exasperating for its 
illusiveness. If one assumes away the problems 


of attaining freer trade, one must agree in gen- 
eral with the theme and presentation of D. Gale 
Johnson’s paper in which he argues that freer 
trade in farm products would result in a greater 
international movement of agricultural prod- 
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ucts and a significant benefit for sectors of 
North American agriculture having a clear 
comparative advantage such as wheat, feed- 


grains, oilseeds, tobacco, and poultry. At the- 


same time one may consider that his statement 
‘on the attendant resource adjustment problems 
for those sectors with a comparative disad- 
vantage is perhaps a bit bland even though 
relatively few human and other resources are 
involved. In the dairy industry, for example, 
there tends to be a regional concentration of 
comparatively disadvantaged production in 
parts of Canada and perhaps also in the United 
States which would have to face wrenching 
adjustments in resource payments not only 
for land but for capital and labor as well. It is 
small consolation to be part of a negatively ad- 
justed global 8 percent when 90 percent of one’s 
neighbors are facing the same adjustment in 
something other than a seller’s market for 
labor. The social and private benefits and costs 
of freer trade are not the same in the presence of 
high unemployment as they are under full 
employment. 

A few small items are worth mentioning be- 
fore proceeding to comments of substance. The 
outlook under freer trade of increased effective 
demand for the livestock-feedgrains sector of 
North American agriculture does appear to be 
most encouraging whether one looks West or 
East. While most of this increase may well be in 
feed grains and beef, there are indications that 
significant increases are possible in pork and 
pork products. When price relationships have 
been favorable, very large quantities of pork 
have been shipped from North America to the 
United Kingdom, and such a market might well 
be developed again there or elsewhere for 
frozen, cured, or fresh product. The Japanese 
market, as a matter of fact, appears to be open- 
ing up for increased pork imports. 

Johnson argues that the location of produc- 
tion of beef and milk for Japan is largely ir- 
relevant to the demand for feedgrains in North 
America. This does not appear to be the case. 
If, for example, these products are produced in 
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Japan, they would have to be produced under 
intensive high feedgrain using systems. These 
would obviously increase the demand for North 
American. and Australian grain. If; however, 
the beef is produced in Oceania, the majority 
of it would continue to be produced under ex- 
tensive pasture conditions without a compensa- 
tory reduction in feedgrain exports. 

In his presentation, Johnson has in effect 
examined two polar positions. One is that of a 
continuation of current agricultural and trade 
policies of the industrial nations. This would 
produce most disturbing resource allocation 
problems for North American agriculture. The 
other is that of a close approximation to free 
trade. While one may fervently hope that 
present policies do not continue and, in fact, 
the upcoming GATT negotiations appear to 
offer some reason for optimism, nonetheless it is 
perhaps a great deal too much to expect that 
anything like his freer trade will emerge in the 
néar future. What is required is an examination 
of workable alternatives to the two polar posi- 
tions with a view to determining if they of 
themselves produce net positive benefits and, 
further, whether or not they can be manipulated 
in such a way that they lead to a trade in agri- - 
cultural products free enough to produce most 
of the benefits of free trade. 

To put the matter more concretely, it would 
be more useful to examine a commodity by 
commodity approach to trade liberalization. 
What, for example, would be the effects of 
free trade in all dairy products including freer 
trade in fluid milk in North America? It is not 
immediately evident that such an approach will 
produce either, all, or any of the benefits of free 
trade. Nonetheless, it may well be one of the 
viable negotiating alternatives at Geneva. An- 
other alternative worthy of examination would 
be the outcome of applying the ten items, the 
“code of good conduct” suggested in the 
OECD High Level report. To the extent that 
they may well represent currently realistic 
maxima, they also are a most appropriate 
topic for consideration. 
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A Theoretical Evaluation of Alternative Subsidy Schemes 
for Regional Development* 


Myron G. Myers, Barry K. ROGSTAD, AND Harrison G. Wenner 


HIS paper presents a model describing an 
analytical framework for conducting re- 
search on new tools and programs for 
economic development assistance. The subject 
of this paper is part of a larger research effort 
currently under contract with the Economic 
Development Administration (EDA) of the 
U. S. Department of Commerce.’ In particular, 
the study is concerned with the selection and 
evaluation of particular subsidy programs to 
determine their relative usefulness in meeting 
the goals of EDA. The list of subsidy programs 
being examined includes, but is not limited to, 
regional development banks, investment tax 
credits, and wage subsidies. Other candidates 
are expected to surface during the course of the 
research effort and may include taxable muni- 
cipal bonds and a negative value added tax. 
Rather than addressing these specific subsidy 
schemes in the initial stages of the analytical 
portion of the study, the model to be specified 


* This paper was prepared in conjunction with a study 
undertaken by SYSTAN, Inc. for the Economic Develop- 
ment Administration, U. S. Department of Commerce, 
Contract No. 2-36716. We wish to acknowledge the helpful 
advice of Norman Ture, George Borts, and the technical 
staff of the Economic Development Administration. 

1 The contract is from July 1972 through summer 1973. 
The analytic framework presented in this paper, therefore, 
is still in the process of being extended and refined, with a 
final version not scheduled for completion until spring 1973. 

* Development of an analytic framework comprises only 
a portion of the overall study effort. An extensive review of 
foreign experience with regional subsidy programs has been 
undertaken with the hope that new forms of assistance 
might be suggested. In addition, the study team has spent 
considerable effort in assessing the political and administra- 
tive implications of alternative subsidy programs as per- 
ceived by the Congress and in the Executive Branch of the 
U. S. Government. As a result of these other activities, it is 
intended that the specific subsidies finally recommended 
will not only have passed tests of economic efficiency and 
cost effectiveness, but their administrative feasibility and 
acceptability from a political standpoint will have been 
taken into account as well. 
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here provides a basis for identifying the relative 
advantages of “generic families” of subsidies, 
specifically, wage, capital, and price subsidies. 
The model seeks to evaluate each of these in 
terms of specific regions and specific industries. 
Key parameters of “target regions” and firms 
are specified and shown to be the principal 
determinants of the relative effectiveness of 
each type of subsidy. Target regions consist 
initially of representative and then of specific 
areas identified by factor supply conditions. 
Data for candidate firms are specified by the 
elasticity of factor substitutions and relative 
factor shares and are estimated on the basis of 
nation-wide industry production functions. 

It is intended that the model will serve two 
major functions. First, it is designed to delin- 
eate broadly the impacts of wage, price, and 
capital subsidies. This function is basic to 
meeting the overall objective of analyzing new 
tools for economic development assistance. 
The model, in its present form, permits ad- 
ministrators of regional development efforts to 
identify the most desirable type of subsidy to 
be administered under alternative industry/ 
region combinations. This paper deals only 
with the specification of the model required to 
carry out this first function. 

Second, having developed a tool that will as- 
sist EDA in selecting the type of subsidy pro- 
grams to develop (given its goals as well as its 


` organizational and administrative constraints), 


it is intended that the model will be further 
developed to provide more specific analytical 
guidance to the consideration of other factors 
pertinent to the subsidization of a specific firm 
in a specified region. For example, the introduc- 
tion of transportation as a third factor input as 
well as the influence of institutional conditions 
in banking are some of the considerations which 
are presently being addressed. These more de- 
tailed considerations are obviously specific 
to the particular region being studied and 
therefore cannot be generalized. Whether these 
additional factors will be embodied in the for- 
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mal model or treated as specific issues, which 
can only be heuristically evaluated by policy 
makers, will be a function of the regions and 
industries selected for detailed analysis. In 
any cage, it must be recognized that no analytic 
construct can systematically deal with all the 
factors which influence the selection of the 
optimal industry/region/subsidy combination. 
The form of the final model will therefore at- 
tempt to deal systematically with as many of 
the major issues as possible, being careful to 
specify the many other factors (many of them 
judgmental) necessary to make a final deter- 
mination. ` 


The Model 


The purpose of the theoretical construct 
which follows is to discern the impact of various 
subsidy schemes on industries within regions. 
We make use of the behavior of a representa- 
tive firm which is aggregated to produce a total 
industry impact. Each firm within an industry 
is assumed identical, to follow profit maximiz- 
ing behavior, and to regard output price and 
factor costs as given. For the entire industry, 
variation in firm behavior produces variations 
in output and factor price. That is, each firm is 
so small that its individual action has no effect 
on output or factor price whereas the action of 
all firms in concert effects output prices and 
costs. These are the normal conditions which 
follow from the assumptions of perfect compe- 
tition.? 

Consideration will focus on a set of critical 
parameters, some of which are region specific, 
some industry specific, while others are simul- 
taneously region and industry specific. 

Region specific parameters comprise the 
factor supply elasticities. The labor supply ez, 
indicates the responsiveness of additional labor 
hire to changes in the regional wage rate oc- 
casioned by shifts in industry demand for 
labor. The assumption made on the factor sup- 
ply elasticity of capital is that it is available to 
the industry in unlimited amounts at an invari- 
ant price which coincides with the national cost 
of capital. 

Industry specific parameters include the elas- 
ticity of substitution e which summarizes the 
technology of the production process for firms 
in the industry. Instead of specifying a specific 
production function, a general (linear homoge- 


* For analysis akin to the model developed here, see 
Borts [1]. 
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neous) function is postulated with a constant 
elasticity of substitution in the range of varia- 
tion under consideration. The benefit of this 
approach is that the.effect of variations in rela- 
tive factor costs can be assessed with respect to 
changes in factor proportions actually employed 
—the elasticity of substitution measuring the 
ability of firms to vary factor proportions tech- 
nically. The industry demand elasticity ņ repre- 
sents the demand curve facing the industry for 
production originating in the region. The indus- 
try demand curve for the region thus is a subset 
of the nationwide demand curve and reflects 
the amount of unit sales the industry can 
achieve at various prices (F.O.B.) were it to 
locate in the region. Regional demand elasticity 
n indicates the responsiveness of additional unit 
sales to variation in price. The final industry 
parameter represents the labor intensity of 
production that results from relative factor 
costs within the region and the technica! ability 
of firms to vary factor proportions. The share 
of payrolls in value added, æ, is chosen to em- 
body the relative factor proportions utilized by 
firms in the industry. 

For purposes of analytical convenience, a 
firm is defined as a standard unit of capital 
denoted as K. Thus, a “firm” is, in reality, an 
arbitrary unit of capital so that an industry 
consisting of N firms comprises, in total, NK 
units of capital. We are not concerned with the 
size distribution of firms within the industry 
and hence do not distinguish between a firm of 
10 units of capital versus one with 100 units of 
capital. For our purposes the two firms to- 
gether entail 110 units of capital or 110 “firm”. 
units. 

(1) X = F(E, L) = Ef(L/E) = KfQ) 
(1.1) X* = aQ* = aL". 


The firm’s production function, F, is as- 
sumed homogeneous of degree one so that X/K 
can be expressed as a function of labor per unit 
of capital (firm) L/K=Q. Without any loss of 
generality, K can be set equal to one and X 
reinterpreted to represent value added per 
“firm,” L to represent labor per “firm,” and Q 
can be dropped as variable. Equation (1.1) 
represents the proportionate differentiation of 
(1) where * refers to proportionate rate of 
change. 


(2) P= g(N-X) 
(2.1) P* = 1/y(N* + X*) = 1/y(N* + aL*). 
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` The demand curve faced by the industry in l 


‘the region relates price P (F.O.B.) to industry 
output N-X. Proportionate differentiation of 
(2) gives the percentage change in price as a 
function of the elasticity of demand 7, and 
change in industry output (N*+X*). 


(3) Py = F,P/r 
(3.1) = Fë + P* = ul + Pt. 


Equation (3) embodies the assumption of 
profit maximizing behavior and states that the 
discounted marginal value product of capital 
equals the price of a unit of capital P. The 
discount rate r is the national cost of capital, 
capital being infinitely elastic in supply to firms 
in the region. Equation (3.1) gives the propor- 
tionate differentiation of (3) where Px is a con- 
stant and where y is the elasticity of the mar- 
ginal product of capital. Any lowering of r 
below the national cost of capital, expressed in 
proportional terms as 7*, is assumed to be due 
to the imposition of a capital subsidy program. 


(4) w = h(N-L) 
(4.1) w* = 1/e,(N* + L*). 


The regional labor supply curve is given by 
the function A which relates wage rate w to 
industry labor demand N-L. Differentiation 
produces the proportionate change in the wage 
rate in terms of supply elasticity ez and the 
percentage change in industry employment 
(N*+-L*). 


(5) v= FrP 
(5.1) wt = Fr* + P* = vL* + P*. 


The representative firm employs labor to the 
point where the wage rate, the marginal cost of 
labor, equals the marginal value product of 
labor (Fz is the marginal physical product of 
labor). Differentiation of (5) gives the per- 
centage change in the wage rate in terms of L* 
and P* where v is the elasticity of the marginal 
product of labor. 
` The following relationships are easily estab- 
lished # 


where 


“See Borts and Stein [2]. 
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o = 1/(u— 1), #>0, 2<0 
o = — Q*/(F1/Fr)* 
= elasticity of substitution 


a-—i 





= 
g 


Plan of Inquiry 


The model presented above will be utilized to 
assess the impact of three generic types of sub- 
sidy schemes. By impact is meant any one of a 
number of various consequences of a subsidy 
being sought by the government, including ad- 
ditional value added, additional employment, 
additional payrolls, and additional firms (capi- 
tal) attracted to the region. The mission of the 
Economic Development Administration can 
best be described in terms of attempting to 
stimulate the development process. The first 
two of the above criteria (additional value 
added and employment) have been selected as 
the best proxies for meeting this goal. Discus- 
sion of benefits in the latter sections of this 
paper will therefore center around these two 
impacts. 

The alternative subsidy programs to be in- 
vestigated consist of a wage subsidy, capital 
subsidy, and factor neutral price subsidy. 

The government may reimburse firms a frac- 
tion of their (hourly) wage payments which has 
the direct effect of lowering the firms’ per unit 
cost of labor. This type of program will be de- 
noted as a wage subsidy. 

A more common form is a capital subsidy 
where a government agency lends to firms in a 
region at rates below the competitive loan rate. 
An alternative form of capital subsidy is the 
practice of lease or sale of capital equipment at 
less than market price. Note that a capital sub- 
sidy in either form has the effect of lowering the 
cost of capital relative to labor, while a wage 
subsidy changes relative factor costs in favor of 
labor. Hence, neither subsidy can be expected 
to be neutral with respect to factor use. 

The third program to be investigated, a direct 
payment to firms in the region per unit of physi- 
cal value added in the region, is neutral with 
respect to factor use and can be conceptualized 
as a negative excise tax. The subsidy will be 
referred to as a price subsidy and can be paid 
as a proportion of output price or total value 
added, but only in proportion to value added 
originating in the impact region. 
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To determine the relative effectiveness of 
these three generic types of subsidy programs, 
the analysis derives expressions representing the 
additional benefits (value added and employ- 
ment) and concomitant dollar costs for each 
type of subsidy. The terms involve the various 
parameters previously described and the amount 
of subsidy actually offered, expressed as per- 
centage rates. 

Once these “impact” equations are derived, 
calculations will center on determining for 
each program the amount of subsidy which 
exhausts a fixed governmental budget. The 
percentage subsidy rates, determined so as to 
exhaust the budget, can then be utilized to cal- 
culate the additional employment and value 
added generated, and the various programs can 
be ranked on a cost-effective basis. This pro- 
cedure is followed to place each subsidy on a 
cost-equivalent basis which in turn allows a 
ranking of programs via the resulting benefit 
streams. 


Impact of Alternative Subsidy Schemes !' 
Capital subsidy 

Suppose that a capital subsidy program is 
offered which lowers the cost of capital, in per- 
centage terms, by an amount r* (alternatively, 
capital can be subsidized directly by a price 
reduction of P,*). Substituting an exogenous 
capital subsidy r* into (3.1) and combining (4.1) 
with (5.1) gives 


(6) X*=aL* 
1 
(7) P =—(N*+ aL*) 
7 
(8) ree PY uL" 
1 : 
(9) w* = (N* + L*) = oL* + P. 
EL 
Combining (6)-(8) and solving yields 
[no + e1) — exalo + m)l 
o(1 — a) + er — an 


(11) Lt= Tacme l 
. all — a) + ex — a. 


(10) N*= 





Note that number of firms eventually pro- 
ducing in the region may increase or decrease 
since the sign of the numerator of (10) which 
may be positive or negative depends on rela- 
tive size of the various parameters while 
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the number of workers per firm decreases 
(L*<0). The latter effect merely reflects the 
fact that as capital costs relative to labor costs 
decline, firms substitute in favor of capital. 

To ascertain the overall industry effect on 
employment and output, it is necessary to con- 
sider the percentage change in total industry 
employment (NV -L)* and total industry output 
(N-X)* where, for small changes, (V-L)* 
= N*+D* and (N-X)*=N*+X*. 

From (10) and (11) 


(1 — a)ex(o + )r* 
oll — a) tex — a 
n(l — a)(o + ex)r* 
oli — a) + er — a 


(12) N*+I*= 


(13) N*+ X*= 


Observe that total industry employment in- 
creases, (V*-++-L*) >0, provided ial < a and de- 
creases otherwise. This means that the substitu- 
tion effect against labor due to a lowering of 
capital costs must be compensated for by an 
expansion in total industry output if total em- 
ployment is to increase. This can occur pro- 
vided the industry demand is more elastic than 
the technical ability of firms to substitute capi- 
tal for labor as the relative cost of capital falls. 

Further, observe that there is always an ex- 
pansion in physical output, N*+X*>0. Since 


pr lye t xy) 
n 


a9 _ r*(1 — a)(o + ex) 


oll — a) +e, — ay 
the change in value added becomes 
NoXoPo(N* + X* + P*) 

_ MoXoPo(l — a)(o + ex) + Yet 
a(1 — a) + er — an 


(15) 


Expression (15) for the change in value added 
produces the result that the “direction” of the 
change depends only on the elasticity of indus- 
try demand; an inelastic demand leads to a re- 
duced level of value added, while an elastic 
demand produces an increase in value added. 
The magnitude of the change, however, is de- 
pendent on the size of the remaining parame- 
ters and how they interact. 

Finally are stated the expressions for addi- 
tional employment and value added elicited by 
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a capital subsidy r* as well as the cost of such 
a subsidy: 
(16) Additional Employment 
= NoLo(N* + L*) 
Noll — ader(o + n)r* 
~ a(l — a) +e — o 
(17) Additional Value added 
= NyX Py — NoXoPo 
= NoXoPo(N* + X*+ PS 
jee eles a) 
oll — a) + eL — an , 
(18) Subsidy Cost 
© = = (r4 — 10) PKN: 
— roPKoN (1 + N*)* 
—roPrKoN 
£ i. nie resale a. 
o(1—a)-+e,—on 





Wage subsidy. 

Next investigated is a program in which em- 
. ployers are reimbursed by a percentage amount 
of the prevailing wage rate. The effect of this 
type of subsidy is to shift the “net” or realized 
industry labor supply curve in the region by an 
amount ¢ percent (Fig. 1). 


Figure 1 


Analytically, this amounts to replacing equa- 
tion (4.1) with: 


(19) w* =—(N* + IA) i 
EL 


so that in the absence of any change (VW*=Z*=0), 
w* = —t, and wage costs to the industry fall by 
t percent. The system of equations now reads: 
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(20) X* =al* 

(Q1) "= -ar + àL) 

(22). = 0 = P* + ult 

23) wk = Loe + L”) i= poA. 


System (21)~(23) can be solved for the equiva- 
lent expressions found when the capital subsidy 
was analyzed: 


(4) ye 2 ele et 
a(l — a) + en — an 
where # is the wage subsidy in percentage terms. 


ezot 





25 De R 
(25) o(1 — a) + er — an 


Note that L* is always positive since (25) re- 


‘flects only the substitution effect which prompts 


a substitution in favor of labor as the net wage 
rate is lowered while industry expansion (or 
contraction) depends on substitution versus ex- 
pansion or o versus 7.5 


ext{o(1 — a) — a] 


26) 4 N* + Lt = 
wa Y o(1 — a) + eL — an 


>0, 


— erant 


27) N* + X* = 1 
A aTr 


From (26) and (27) observe that there is always 
expansion in industry employment (substitu- 
tion dominates the possible negative expansion 
effect) and physical output. 

To express the costs that accompany imposi- 
tion of a wage subsidy, it is helpful to construct 
a diagram of the regional labor market (Fig. 2). 
Additional benefits and resultant costs of the 
wage subsidy are the following: 


(28) Additional value added 

= NıXıPı — NoXoPo 

= NoXoPo[N* + X* + P*] 

_ NoXoPo(n + 1)(—exa)t 

i c(l — a) + er — ag i 
~ s Note that N*L*/t is the elasticity of derived demand - 
for labor and is equivalent to the well-known Hicks [3] 


formulation when the “own” supply elasticity of labor is 
infinite. 
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¥ S (original supply curve} (32) 7* = 0 = P* + uL* 
we “r and 
s nE BIY ra sobatdy) 1 
o (33) w* = — (N* + L*) = P* +o. 
P; ped Pci ced 1 €L 
i : ollow. subs. ay} 
= =i Solving (31)-(33) determines 
oo i 
Figure 2 (34) esata g 0, 
a(i — a) + er — on 
(29) Additional employment iba 
ls * * (35) Lt = 
NoLo(N* + L*) o(1— a) + er — aq 
NoLoex[o(1 — a) — anli AE 
E ~E 
Hedrum GO N* + ooo, 
; oll — a) +e, — an 
(30) Subsidy cost 
= twiNyL, end 
= twoNoLa(1 + wt + N* + LA) Gry wep xe thot) — lb 
i oll — a) + er — an 
= WoNolo . : 
1~t Figure 4 details the additional employment and 
aor ae subsidy costs arising from the price subsidy as 
ae = |. given in (37)-(40): 
o(1—a@)-+er,—an 


Price subsidy 

Imposition of a price subsidy or bounty at a 
rate proportional to P has the effect of shifting 
the realized regional demand curve upward by 
an amount bP where b is the subsidy expressed 
in proportionate terms (Fig. 3). 

The demand curve (2.1) is altered to read: 


(31) 





1 
P* =- (N* + al*) +b 
n 


which together with the remaining equations of 
the model produce the system 


Figure 4 


(38) Additional value added 
= NıXıPı — NoXoPo 
= NoXoPo(N* + X* + P*) 
= N.X,Po pee at. eo de al] b, 
oll — a) + er — an 
(39) Additional employment 
= NoL(N* + L*) 
2 [ NoLo(—nex) ] 
o(1 — a) + ez — an : 





Figure 3 
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(40) Subsidy cost ‘ 
= bP NiX: 
b 
= PoNoXol|1 + P* + N* + X¥*| ——— 
oNoXolt + P* + N* + aay" 


b 
z ———] (1 b 
PX | ( re eee er 


( o(1 —a) —ex )e] 

o(1 — a) + ez — an ; 
Theoretical Evaluation of the Cost-Effective- 
ness of Subsidies under a Budget Constraint 


The dollar cost for each of the subsidy pro- 
grams has been derived in terms of the various 
region and industry specific parameters and the 
actual magnitude of the subsidy offered (r* for 
the capital subsidy, ż for the wage subsidy, and 
b for the price subsidy). Suppose that the 
agency offering the subsidy has a fixed budget 
of B dollars which it desires to exhaust in order 
to obtain the greatest increase in employment 
or value added within the region. We first cal- 
culate the appropriate size of each subsidy 
which just exhausts the agency budget. In this 
way, cost-equivalent subsidies can be calcu- 
lated and the concomitant benefits, in terms of 
value added or employment, can be compared 
and ranked. 

From (18) the cost of capital subsidy of r* 
can be equated to the size of the budget, B: 


(41) Cost of a capital subsidy _ 
= —roP,.KoNo(i + N*)r* = B 


or from (18) and noting that —roP,Ko 
= —(1—a)P Xo, we obtain: 


n(o + ex) — erele + n) 
ee E a 
i (a) [Ree | 


+) + Spx A 


The solution of the quadratic (42) determines 
the amount of capital of subsidy which ex- 
hausts the budget B: 


(43) = [| -1 + 


( 1 — 4B[n(o — ex) — exae(o + 7)] - )] 
[1 — a] PoXoNolo(t — a) + er — an] 
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CSS eee am 
2[n(o + e1) — erele +2)] 


Similarly for a wage subsidy of t percent, the 
costs are found from (33) which can be equated 
to B so as to exhaust the budget: 


(44) Cost of a wage subsidy 


= 





; z oN ola (1 wt +N" +L") = B. 
Solving (44) using (33), and since WoNoLo 
=aPoX No determines the largest percentage 
wage subsidy that can be offered consistent 
with the agency budget, 


(45) t= {- (aPoXoNo+B) + 


[ (aPXoNet B+ 
ene — an] 7 J 
jern (pe 


Finally, for a price subsidy, 
(46) Cost of a price subsidy = 





b 
PoNoXo(1+P*¥+N*+ X*) =B. 
148 oVoXo(1+P*+N*+ X*) 
Substitution of (40) determines the budget ex- 
hausting price subsidy: 


(47) b= f- Px, — B) 


| (Poxen — B)? + 


4B(PoX Noly + 1][o(1 — a) — =] 
o(1 — a) + ez — on 


It remains only to substitute the cost-equiva- 
lent subsidies into the expressions correspond- 
ing to the additional benefits (employment or 
value added) in order to derive cost-equivalent 
incremental benefits. Resultant expressions can 
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be compared and ranked,- yielding a cost-effec- 
tive preference ordering. This is easily accom- 
plished for a given set of region and industry 
parameters by substituting the numerical solu- 
tions found from (43), (45), and (47) for r*, t, 
and 8 respectively into the benefits expressions 
(additional value added and employment) cal- 
culated under each subsidy scheme. 

The purpose of this discussion has been to 
develop a framework which will enable subsidy 
planners to calculate the most cost-effective 
subsidy to employ in a given region for a given 
industry. Several variants of this approach are 
also possible. For example, a knowledge of given 
industry and regional parameters would enable 
planners to calculate the expenditure size neces- 
sary to achieve a predetermined increment in 
value added or employment under each subsidy 
scheme. For a given expenditure, region, and 
subsidy, one can derive a benefit stream in 
terms of industry parameters and from them de- 
termine the most favorable candidate indus- 
tries which would lead to the greatest incre- 
mental benefit stream. Similarly, for a given 
budget, industry, and subsidy tool, the regional 
parameters which produce maximum incre- 
mental benefits can be calculated and thus the 
most favorable region identified. 

The primary use to which cost-equivalent 
incremental benefits calculation can be put is 
to identify a preferred subsidy program for a 
specific region and specific industry. In Tables 
1 and 2, calculations for hypothetical values of 
the parameters are illustrated and the value of 
the resultant incremental benefits is indicated. 
The value of incremental benefits is expressed 
in terms of initial values so that not only rela- 
tive rankings but absolute rankings are pos- 
sible. Thus, from Table 2, as the industry 
demand becomes more elastic, the superiority 
of a wage subsidy over a price subsidy in gen- 
erating additional employment diminishes. 

The approach illustrated in Tables 1 and 2 
suggests that a sensitivity analysis whereby 


Table 1. Goal: incremental value added 


Subsidy Programs 
Wage 





Capital Price 


Hypothetical Parameter 
Values* 


Set I 0 0 0.012 XoNePe 
Set 0.0086 NoXoPa 0.004 NeXePo 0.016 NoXePo 
* Hypothetical Parameter Values: 

e 9 a «L B/PeXiwNe 


—1.0 1.0 0,01 


Set I E 0.5 
—2.0. 0.5 1.0 0.01 


1.0 
Set II 1.0 
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Table 2. Goal: incremental employment 





Subsidy Programs 
Capital Wage 
Hypothetical Parameter i 
Values* 


Set I 0.010 NeLe 
Set O 0.012 NoLe 


Price 


0,006 Nols 


0 
0.0043 NeLe 0,008 Nalo 


* Hypothetical Parameter Values: 
L B/PeXeNo 


Set IT 


relative and absolute rankings of alternative 
schemes are calculated will be productive in 
providing insight for policy guidance. Depressed 
regions and candidate industries can be char- 
acterized in terms of likely ranges of values for 
the region and industry specific parameters. 
Calculations similar to those illustrated in 
Tables 1 and 2 can be undertaken for all per- 
mutations of the parameters over these relevant 
ranges. The sensitivity of relative and absolute 
rankings as the iterations proceed then indicates 
preference rankings, loss from using an ineffi- 
cient subsidy, and general sensitivity of rank- 
ings to the parameters. This type of analysis 
would be useful in assessing the loss of se- 
lecting one blanket subsidy to be applied in all 
regions for all industries versus tailoring the 
most cost-effective subsidy to each specific re- 
gion-industry. 


Observations 


As noted earlier, the arrays shown in Tables 
1 and 2 are only intended to be illustrative of 
the type of empirical analysis which will be 
undertaken as the study progresses. A full 
simulation of combinations of the meaningful 
parametric values will provide the results neces- 
sary to delineate the relative impact of alterna- 
tive subsidy schemes given specific regional/ 
industry combinations. A full test of the model 
should therefore permit not only an overall 
assessment of different subsidy programs in 
light of the stated objectives of EDA, but also a 
specification of the optimal subsidy which 
should be used given specific regions of interest 
to EDA and alternative candidate industries 
seeking to locate in these regions. 

The model in its present form clearly has 
some limiting assumptions which, it can be 
agreed, restrict its relevance to dealing with 
underdeveloped areas. In particular, the as- 
sumption of a completely elastic supply of capi- 
tal does not typify the situation existing in 
rural America. One refinement of the model 
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therefore will be concerned with assessing the 
factors which influence the supply of capital 
(both in terms of its cost and its availability) 


and incorporate the findings into the model in ` 


terms of alternative values of ex. 

The approach taken in the total study effort 
is to preserve a balance between the analytic 
framework, the availability of data and prob- 
lems of estimation, and the policy considera- 
tions facing EDA. In conclusion, it should be 
stated that the model has been developed 
within the basic premise that the overall pur- 
poses of the study would not be met if this 
balance was lost. This analytic framework, it is 
felt, provides the necessary analytic rigor to 
prevent government policy makers from having 
to make decisions on subsidy tools on a largely 
ad hoc basis and yet allows the explicit consid- 
eration of particular problems, issues, and con- 
straints of the agency whose delivery mecha- 
nisms are being examined. We would argue that 
. this balanced approach to examining and as- 
sessing the worth of government social program 
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delivery systems is the exception rather than 
the rule. 


Post-Script 

Since the time of delivery of this paper we 
have successfully incorporated into the theo- 
retical framework an additional parameter 
designating the regional supply elasticity of 
capital. Simulations have been performed with 
this expanded version, identifying the most ap- 
propriate subsidy program for the development 
goals of value added, employment and the addi- 
tional goals of output and payrolls. The general 
results for program selection, briefly stated, are 
to employ wage subsidies in order to generate 
additional payroll and employment;. price sub- 
sidies for additional value added; and for out- 
put, factor subsidies aimed at the factor in most 
elastic regional supply. In addition, for each 
goal-region specification the most appropriate 
subsidy and industry characteristics have been 
identified. 
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Financing Agriculture: Demand for and Supply of —_ 
Capital and Credit* 


EMANUEL MELICHAR 


cial relationships and trends and then pro- 

ject a large further increase in farm debt. 
Along the way, I note some interesting findings 
bearing on the underlying causes of the debt- 
increase process—findings that raise questions 
about the completeness of the popular current 
assessment of that process. Where my story 
differs from the standard analysis, I take the 
liberty of stating the differences boldly—per- 
haps more boldly than they deserve to be ad- 
vanced, given deficiencies of the data base and 
the fact that current econometric work on 
aggregate postwar farm financial behavior is 
still in the exploratory stage. But since my 
projections do not differ significantly from 
those emanating from the standard analysis, 
I thought it best to emphasize the analytical 
differences lest they be overlooked when, as 
usually happens, the numerical projections at- 
traċt the limelight. 

To whet your appetite for the analysis, there- 
fore, let me momentarily depart from orderly 
presentation of the subject to look at the main 
components of the standard analysis of most 
farm economists and lenders. A statement by 
Evans on the agricultural finance outlook for 
1972, presented at the USDA’s National Out- 
look Conference last February, is oe me 
tive of this genre: 

More credit will be used this year than any year 

so far—about 7 per cent more than last year 

which was also a record ...it is reasonable to 
ask, why the increase and for what purpose? 

Perhaps of most importance is that farmers are 

basically optimistic. And this year they may be 

more willing than usual to borrow to become 
more efficient or to meet higher costs. . . . Capi- 
tal improvements and farm enlargement... 
will create additional debt. Building and equip- 
ping livestock feedlots... will require in- 


È this paper, I discuss aggregate farm finan- 
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creased financing. ... Farm operating costs are 
continually increasing. ... Money going into 
livestock, ranch, and feedlot operations in 1972 
will likely increase over 1971. ... Machinery 
and equipment bought to replace worn-out or 
obsolete items will cost more than last year. 

. Other expense items will also increase. All 
of these expense items will call for additional 
sums of borrowed money. [3, pp. 1-3] 


On January 1, 1972, outstanding farm debt 
(excluding CCC loans) was estimated at $64.6 
billion, having risen steadily from a low of $7.6 
billion in 1946 and more recently from $27 bil- 
lion in 1962. The increase of 7 percent expected 
by Evans in 1972 therefore amounts to $4.5 bil- 
lion. 

Using the model of the farm financial sector 
on which most of this paper is based, and spe- 
cifically the particular long-term simulation 
that is presented here, I find that the increase 
in debt projected for 1972 is $4.69 billion. This 
is virtually identical to Evans’ projection. So 
what is my problem? 

The standard analysis, as we have seen, at- 
tributes the increase in debt mainly to addi- 
tions to capital assets and increases in land, 
machinery, and other input prices. To test this 
hypothesis, I therefore performed a second 
simulation in which I specified that all real 
capital stocks remain unchanged at their Janu- 
ary 1, 1972 level. The projected increase in debt 
during 1972 was $4.63 billion. In a third simula- 
tion I specified that neither the general price 
level nor any asset price could change during 
1972. The projected increase in debt was $4.20 
billion. Finally, in a fourth simulation I speci- 
fied that neither prices nor real stocks could 
change. The projected increase in debt was then 
$4.16 billion. 

Thus, while Evans and I agreed on the in- 
crease in debt projected for 1972, I can at- 
tribute only $530 million of that increase di- 
rectly to the causal factors he emphasized. An 
explanation for the other $4.16 billion must 
await the orderly presentation of the flow-of- 
funds model to which I now turn. 


A Model of Farm Capital and Credit 


Formulation of the model has its roots in pre- 
vious work by Tostlebe, Johnson, and Brake 
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[2, 5, 8, 13]. When employed as a framework 
for analysis of past financial behavior, the 
capital flows that had to be financed are first 
identified, quantified, and summed. This sum 
was financed either externally, through increase 
in debt, or internally from farm cash flow (net 
income and depreciation allowances). The in- 
crease in debt is known, and so the amount of 
internal financing is computed residually. In- 
sight into the causes of any past changes in 
outstanding debt can be obtained by noting the 
course of the total capital flow over time and by 
observing the behavior of such ratios as the 
percentage of cash flow devoted to internal 
financing. 
For simulation and projection, some addi- 

` tional steps are necessary. First, equations are 
developed for the various components of capital 
flow and are solved to obtain estimated total 
capital flow under specified conditions. The 
same is done for the components of cash flow. 
Another equation specifies the “savings rate,” 
the proportion of cash flow that farmers will 
allocate toward meeting their capital flow. The 
amount of internal financing is then computed. 
Finally, the difference between that amount 
and the total capital flow is the increase in debt 
that will occur. 

' For the farm finance insights that we seek, 
we must go through this formulation step-by- 
step, at each point examining the historical 
data, the equation developed for the model, and 
the projected data employed in or obtained 
from the specific simulation, covering 1972-79, 


on which this paper focuses. Eight charts that © 


illustrate the historical and projected data form 
an integral part of this presentation. A unique 
feature of these charts is that all series on all 
the charts are plotted on thé same ratio scale; 
thus equal slopes anywhere represent the same 
annual percentage rate of change, and equal 
vertical distances indicate the same total per- 
centage change. 

Capital flow.—The capital flow to be fi- 
nanced consists of expenditures for new ma- 
chinery, buildings, and land improvements; 
changes in holdings of livestock, stored crops, 
and financial assets; and an annual capital re- 
quirement associated with the largest farm 
‘input, land. Except the last item, these are 

straight-forward concepts for which USDA esti- 
' mates are published. But the annual land capi- 
tal requirement presents conceptual as well as 
data problems. 

Real estate transfers.—To start with, I 
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think that other workers who have recently 
added up farm capital flows, also with the goal 
of estimating credit demands, have erred con- 
ceptually, given that particular goal, in their 
choice of the measure of the annual land capital 
requirement. One sets it equal to the change in 
book value of the land that is transferred: [1, 2]. 
Others use the change in the total value of all 
land [6, 10]. 

But I reason as follows. First, the capital flow 
to be financed is associated with transfers; if 
perchance no land is transferred in a given year, 
there is no capital requirement to be financed 
that year. On the other hand, if some land is 
transferred, there may be a positive capital re- 
quirement even if the total value of all land 
remained unchanged or even decreased. Thus 
the financing requirement does not correspond 
to the capital appreciation, if any, that may 
have occurred. 

Second, there is no capital requirement to be 
financed when land is inherited rather than 
purchased. And for the farming sector as a 
whole, there is no new financing requirement to 
the extent of existing outstanding debt on the 
property transferred, or to the extent that land 
is sold by persons who continue to be farm 
operators. Thus the financing requirement does 
not correspond to the change, if any, in book 
value. (The book value and capital gain con- 
cepts are simply variants of the same theme; 
one defers recognition of appreciation until the 
year of transfer, while the other records it as 
it occurs.) 

With these negative observations in mind, I 
can derive a positive statement of the annual 
financing requirement associated with farm 
transfers: it is the amount of funds withdrawn 
from the farming sector by sellers who leave the 
farming sector or who are nonfarm heirs. 

My rough estimate of this series is shown in 
Figure 1. For 1965-71, it corresponds to the 
value of voluntary and estate transfers less 
adjustments for existing debt and for sales by 
persons who continue to farm. For 1950-64, 
the value of transfers in this calculation is ap- 
proximated by the product of the total value of 
farm real estate, the percentage of farms trans- 
ferred, and an adjustment factor to reflect that 
the average parcel transferred differs from the 
average farm in size and per-acre value. 

As Figure 1 illustrates, an upward trend in 
the annual capital flow required by transfers 
reflects a similar trend in the total value of 
farm real estate, while short-term fluctuations 
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FACTORS AFFECTING CAPITAL FLOW IN 
REAL ESTATE TRANSFERS 
BILLIONS OF DOLLARS 





CAPITAL FLOW REQUIRED 
BY TRANSFERS 


BILLIONS OF DOLLARS 


FARM REAL ESTATE: 


TOTAL VALUE 


PRICE, 1947-49=100 . 
— 


PER CENT 
5 


PERCENTAGE OF FARMS TRANSFERRED 
4 
7 mm mem emaan ee 


DAANG CF GOVERNORS OF INA FEDIERM MESİRYL SYSTOM 
Figure 1 


in the annual flow reflect variations in the per- 
centage of farms transferred (land market ac- 
tivity). Furthermore, the rising trend in total 
value of real estate reflects mainly the trend in 
land prices, as the real stock has risen by only 
10 percent since 1950, very little of this in the 
last few years (Table 1). 

The process of projecting the annual capital 
flow required by transfers employs the above 
sequence in reverse. The key element is the 
land price projection, to be discussed below. 
Real stock is projected as unchanged from the 
January 1972 level, and this value times the 
projected price yields the projected total value 
series. The projected percentage of farms trans- 
ferred is an extrapolation of the 1950-72 trend. 
The projected annual capital flow is the product 
of this ratio, the total value, and the three ad- 
justment factors listed above. 

Note that in this model no attempt has been 
made to develop equations that would incor- 
porate factors causing the significant short- 
term variations in variables such as land market 
activity. Consequently, the model can project 
only the longer-term trend. 
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Price of land.—Real estate constitutes over 
two-thirds of total capital stock (Table 2), and 
the annual capital flow associated with real 
estate transfers usually represents about two- 
fifths of total capital flow (Table 3). Thus the 
projected land price greatly influences the pro- 
jected total capital stock and flow. In these 
circumstances, considerable importance at- 
taches to development of a structural equation 
for the price of land. (All asset prices in the 
model are measured as the implicit price de- 
flators calculated from data in the USDA’s 
Balance Sheet of ihe Farming Sector.) Unfor- 
tunately, a large number of possible explana- 
tory variables with strong postwar trends are 
highly correlated with the national average 
land price. For instance, Reinsel obtains an R? 
of .99 using population and the money supply 
(M;) [11]. As he notes, what usually passes for 
great success is readily achieved with little as- 
surance that any real knowledge has been 
gained. 

In my land price equation, I use the three 
variables shown in Figure 2. Of these, general 
price level and number of farms—the latter 
intended to reflect the pace of land market and 
farm enlargement activity—contribute most of 
the R? of .98. The index of crop production per 
acre, intended to represent the intrinsic value 
of farmland, is relatively uninfluential in this 
equation. 

To solve this equation for the price of land 
during 1972-80, values of the explanatory vari- 
ables must first be projected. For crop produc- 
tion per acre, I extrapolate the 1950-72 linear 
trend, which has this index rising by about 1.7 
per cent annually over the projection period. 
For farm numbers, I extrapolate the 1950-72 
double-log trend, which results in numbers 
falling by about 2.5 per cent yearly. 

General price index.—Choosing an appro- 
priate projection of the general price level— 
represented by the implicit price deflator for 
private GNP—is not only more difficult, but 
also more important in that the choice affects 
all incomes, - wages, and asset prices in the 
model. On average, this GNP deflator rose by 
2.1 per cent yearly during 1950-72. If the 
periods of war-related inflation and subsequent 
price controls at each extreme of this span are 
omitted, the average rate of increase during the 
remaining years (1953-68) was 1.7 percent. 
But much of this period was characterized by a 
degree of underutilization of labor and other 
resources which, it appears, is not likely to be 
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Table 1. Average annual percentage changes in farm capital stocks and prices 
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tolerated in this decade. So a higher rate of in- 
flation might be projected as a consequence of 
running a more fully-employed economy—not, 
. however, approaching the rates over 4 percent 
experienced during 1969-71, which proved 
equally unacceptable. After weighing these 
factors, I chose to use 2.5 percent in the projec- 
tion being described. Later I will also report 
briefly on results from use of other rates of gen- 
eral price inflation. 

Machinery purchases.—Purchases of new 
machinery are the other major capital flow, ac- 
counting for another two-fifths of the total flow. 
The record of purchases since 1950, shown in 
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Figure 3, seems cyclical, and indeed purchases 
exhibit several long cycles in this century. The 
upward trend in the value of the machinery 
stock on farms, fairly sharp in recent years, 
is well-known, but few persons:seem aware 
that virtually all the rise in value since 1955 
has occurred through price increases. (Real 
stock data for the last decade were revised 
downward this year, eliminating much of 
the already small gains that had previously 
been shown for the mid-1960’s.) What this 
means is that large annual purchases have 
largely just served to replace worn-out or obso- 
lete machinery. Comparison of USDA expendi- 











Table 2. Percentage composition of farm capital stock 
f Projection 

Stock 1950 1955 1960 1965 1970 1972 1975 1980 

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Real estate 61.8 64.6 68.6 72.2 71.7 71.2 73.0 73.5 
Machinery 10.0 12.2 12.0 11.1 11.0 11.3 12.1 12.5 
Livestock 10.6 7.4 8.0 6.4 8.1 8.5 6.8 6.6 
Stored crops ' 6.2 6.3 4.1 4.1 3.8 3.7 3.2 2.9 
Curren 2.1 1.5 1.0 8. a 7 6 5 
Deman deposits 3.7 3.1 2.3 1.8. 1.5 1.4 1.3 1.1 

. Timed ts 17 1.72 1.5 1.7 1.9 2.0 2.1 2.3 
U.S. savings bonds 3.9 3.3 2.5 1.9 1.3 1.1 -1.0 T 
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Table 3. Percentage composition of farm capital flow 
Capital flow 1950-54 1955-59 1960-64 1965-69 1970-71 Projection 
Total 100.0 100.0 100.0 100.0 100.0 100.0 
Real estate transfers 30.1 39.1 41.3 39.2 37.6 39.4 
Capital expenditures: 
Machinery 40.7 39. 40.2 42.5 41.5 45.8 
Operators’ dwellings 8.4 T: 6.0 4.5 3.9 3.5 
Service buildings 12.0 12. 10.0 7.2 7.0 5.8 
Additions to inventory: 
Livestock 6.3 1. 3.2 1.0 4.8 1.5 
Stored crops 1.1 2. — 5 2.2 5 1.5 
Additions to financial assets: 
Currency — .7 -. — 2 3 3 — 1 
Demand i +5 —1. — 8 7 8 0 
Time d 1.1 1. 2.0 3.2 3.9 3.0 
U.S. AE pen Bana 7 -. —1.í — 8 ~ 3 — 5 





ture and depreciation-allowance data confirms 
this view. 

Projected machinery purchases are the sum 
of the spending necessary to cover depreciation 
_ allowances and to achieve any projected in- 
crease in real stock. Annual depreciation allow- 
ances since 1950 have varied only between 13.3 
and 15.6 percent of the January 1 stock. The 
average ratio (14.4 percent) is used to project 
this item. The second component is based on a 
structural equation for the real stock, discussed 
below. Both components are valued at ma- 
` chinery prices that are projected to advance 
from the 1972 level at the 1953-68 average 
annual rate of 3.1 percent, adjusted upward to 
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3.8 percent to reflect that, as already noted, 
more general price inflation i is projected than 
was experienced in 1953—68. 

Real machinery stock.—Real machinery 
stock rose very rapidly from the end of World 
War II to the mid-1950’s, under the influence of 
factors that apparently differed markedly from 
those affecting the stock after 1954. At any 
rate, the three factors shown in Figure 4—the 
acreage of crops harvested, ratio of machinery 
prices to farm wage rates, and the real machin- 
ery purchasing power of farmers’ cash flow— 
explain much of the minor movement that oc- 
curred in the real machinery stock since 1954 
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Figure 4 


(all significant at the 1 percent level, R?=.91), 
but not the behavior in earlier postwar years. 
The stock declined in the late 1950’s when crop 
acreage fell and machinery prices rose faster 
than cash flow. Then in the mid-1960’s the 
stock rose when crop acreage stabilized and 
wage rates and cash flow began to rise faster 
than machinery prices. Additions to the stock 
. stopped when the latter relationships were re- 
versed in the late 1960s. 

To solve the real machinery stock equation, 
crop acreage harvested is projected at the aver- 


age level of the past 10 years. Wage rates and 


net income per farm are obtained by projecting 
that farm laborers and operators will partici- 
pate to an average extent in an annual increase 
of 3.25 percent projected for national real per 
capita income. Thus after adjustment for the 
projected rate of general price inflation, both 
farm wage rates and net income per farm are 
projected to rise by nearly 6 percent annually. 
Total net farm income, the largest component 
of farm cash flow, is obtained as the product of 
per farm income and projected farm numbers. 
The remaining components are the projected 
depreciation allowances for machinery, build- 
ings, and land improvements. Given the result- 
ing values for the two ratios used in the equa- 
tion, the real machinery stock rises by about 
0.8 percent annually during the projection 
period. 

Additions to livestock inventory.—Annual 


Am. J. Agr. Econ. 


4 


capital expenditure for livestock consists of 


the value of the physical change in the live- 
stock inventory during the year. The average 
relative amount of this capital flow (Table 3) 
may appear surprisingly small to those familiar 
with the trend in physical livestock production. 
Part of the explanation appears in the top por- 
tion of Figure 5. A significant portion of the 
livestock inventory consists of breeding units, 
and output per breeding unit (a USDA series 
discontinued in 1968) has been rising somewhat 
faster than total output. 

Furthermore, as the center portion of Figure 
5 indicates, the sharp rise in value of the live- 
stock inventory since 1964 has been largely a 
revaluation that does not entail a capital flow. 
Two livestock cycles are evident in both the 
price and real stock series charted, and 1972 
finds us in the third rising phase since 1950. 
Both series are now substantially above their 
1950-72 trend lines. 

Projected changes in livestock inventories 
are obtained as follows. First, the real stock 
and the price deflator are projected by extra- 
polating their 1950-72 trends, which were, re- 
spectively, 0.9 and 1.7 percent a year. The rate 
of price increase is adjusted upward to 2.4 per- 
cent. Each year’s change in real stock is then 
valued at the price projected for that year. 

The resulting annual flow is in the $200 to 
$250 million range. Given the cyclical nature 
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of this series, actual annual flows will fluctuate 
considerably around such a trend projection. 
During 1950-71, the annual flow ranged be- 
tween $1,107 million and $—345 million. 

Additions to the stored crop inventory. 
A similar procedure is used to project changes 
in the inventory of stored crops, and as it hap- 
pens the projected annual flow lies in the same 
range. In contrast to the rising livestock price 
trend, however, such trend as could be dis- 
cerned in stored crop prices during 1950-72 was 
slightly downward. But the real stock averaged 
a 2.0 percent annual gain. Annual flows during 
1950-72 ranged between $1,169 million and 
$—782 million. 

Additions to financial assets.—Financial 
assets properly included in this model are those 
that constitute the working capital or readily- 
available secondary reserves for farm opera- 
tions. Farmers’ holdings of currency, demand 
deposits, and time deposits at commercial 
banks meet these criteria. Having included 
time deposits, which have been rising sharply, 
it seems advisable to include also a close substi- 
tute, U. S. savings bonds, holdings of which 
have been declining. 

The price deflator used by,the USDA to com- 
pute the real stock series for financial assets (as 
well as to obtain real net farm income) is the 
index of prices paid for farm family living items. 
This index rose by 1.5 percent annually during 
1953-68; consequently, the projected rate of 
increase is 2.3 percent a year. 

In real terms, the average annual rate of 
change in farmers’ financial assets over 1950-71 
was as follows: currency, —2.7 percent; de- 
mand deposits, —2.2 percent; and time de- 
posits, 3.3 percent. The real stock of U. S. sav- 
ings bonds developed a consistent downtrend 
after 1960, at an annual average rate of —4.6 
percent. These rates are used in the real stock 
projections. 

Upon combination of the real and price 
trends, financial assets are projected to change 
at these annual rates: currency, —0.5 percent; 
demand deposits, no change; time deposits, 5:6 
percent; and U. S. savings bonds, — 2.4 percent. 
The projected combined annual capital flow to 
achieve these changes is $247 million in 1972 
and rises to $456 million by 1980. 

The combined projected flow for financial 
assets and inventory additions is shown in Fig- 
ure 6. Though it is rising relatively fast, this 
sum still averages only 6 to 7 percent of the 
total capital flow to be financed. One may be 


DEMAND AND SUPPLY oF Farm CAPITAL / 


319 


ANNUAL CAPITAL FLOWS 
BILLIONS CF DOLLARS 
20 


MACHINERY PURCHASES 


REAL ESTATE TRANSFERS 


< BUILDINGS AND LAND IMPROVEMENTS 
eee a 


ADDITIONS TO FINANCIAL ASSETS 
AND LIVESTOCK AND CROP 
INVENTORIES 








RAAKA OF GOVERNORS OF TAI FEUTLAL RISERTE SYSTEME 
Figure 6 


concerned that these stocks of working capital 
have been measured on January 1, whereas the 
peak in farm production activity in most areas 
occurs during the summer. However, I have 
shown elsewhere [9, pp. 146-148] that farm 
operating expenses with large seasonal com- 
ponents increased by only 3.3 percent annually 
during 1956-68, and that the seasonality in 
bank and PCA operating loans has fallen 
drastically. 

Expenditures for buildings and land im- 
provements.—Real stocks of farm operator 
dwellings and of service buildings and land im- 
provements have been decreasing, partly as 
farmsteads have moved out of the farming 
sector, and otherwise because expenditures 
since the mid-1950’s have been lower than capi- 
tal consumption. Rates of decline were greater 
in the last decade than in the 1950’s. Average 
annual rates of the last 10 years are used for the 
projections: —3.2 percent for operators’ dwell- 
ings and —3.0 percent for service buildings and 
land improvements. 

After projection of these real stock series, de- 
preciation allowances are projected by applying 
the annual depreciation rates that the USDA 
presently plans to employ, which are 4.67 per- 
cent for dwellings and 7.22 percent for service 
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buildings. To complete the projection of capital 
consumption, accidental damage is projected 
at the average annual rate (0.69 percent) ex- 
perienced since 1950. 

Annual expenditures are then projected as 
the amounts required to make up for the capi- 
tal consumption as necessary to hit the annual 
stock figure projected for the end of each year, 
plus an adjustment for the buildings on land 
removed from the farming sector. The total 
annual expenditure is shown in Figure 6. 

The expenditure and capital consumption 
series are all valued according to indexes of 
construction costs, which during 1953-68 rose 
at average annual rates of 1.8 percent for 
dwellings and 1.7 percent for service buildings. 
_ After adjustment to reflect the higher rate of 
general price inflation projected, these price 
series are projected to advance at average an- 
nual rates of 2.5 and 2.4 percent, respectively. 

Total capital flow.—The sum of all these 
capital flows—the total annua] amounts that 
had to be financed—is shown in Figure 6. Those 
who judge the amount of financing needed by 
looking at the trend in total assets or in out- 
standing debt say that financing needs have 
been going up, up, and up. Not so. For instance, 
there was hardly any change for six straight 
years recently, 1965-70. And in the early 1950's 
the trend was down. But in some years, such as 
1965 and 1971, a boom in machinery buying or 
a spurt in land market activity can cause the 
capital flow to be financed to rise much faster, 
percentagewise, than the value of the stock. 
The point is that the two are only loosely re- 
lated—as the preceding item-by-item tour 
should have made clear—and to continue our 
analysis of farm financial behavior, it is the flow 
series that we need. 

After hitting $12.0 billion in 1967, the capital 
flow to be financed fell off the next three years, 
then broke out to a new high of $14.4 billion in 
1971 as real estate transfers and additions to 
- livestock and stored crop inventories were all 
unusually high. The projected values, the sum 
of all component projections, begin at $12.8 
billion in 1972 and climb to $17.3 billion by 
1980, which is an average annual increase on 
the order of 3.7 percent. 

Knowing the past capital flow opens up a 
whole new world of analysis. To begin with, we 
can ask how burdensome the capital flow has 
been in relation to the stream of funds received 
after current, operating expenses have been 
paid—the farm cash flow. 
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Cash flow.—Farm cash flow and how it is 
projected have already been discussed in the 
section on machinery purchases, but an addi- 
tional word about the concept may be in order. 

As just noted, gross farm income less current 
farm operating expenses equals the farm cash 
flow. USDA accounts divide the cash flow into 
two further components: net farm income and 
capital consumption allowances. The latter 
sum represents the amount that, if spent on 
new machinery and buildings, would exactly 
compensate for the wear, obsolescence, and 
damage during the year, as estimated from 
schedules reflecting average experience with 
such matters. 

But in any given year, the capital consump- 
tion allowances and the spending on buildings 
and machinery are different—related, cer- 
tainly, but not identical. The allowances and 
net income are a commingled and indistinguish- 
able income stream. Recipients of the cash flow 
can spend these funds as they wish. 

This point is important because the part la- 
belled “capital consumption allowances” is now 
a substantial 28 percent of the farm cash flow— 
$7.2 billion out of $24.6 billion cash flow in 1971 
(Table 4). Furthermore, in contrast to the 
meandering course of net farm income, the 
allowances have risen steadily mainly due to 
the rising value of the machinery stock, but 
during the last decade also because the USDA 
was shifting to much higher depreciation rates 
for buildings. Projected annual increases aver- 
age 3.4 percent for allowances, 2.9 percent for 
net farm income, and 3.0 percent for total farm 
cash flow (Fig. 7). 

The relative capital financing burden.— 
Since 1965 the capital flow has on average been 
half as large as the cash flow (Table 5). At this 
ratio, the relative burden has shifted upward 
significantly from the 1950-64 average of 0.43. 
The first year over 0.50 during the period 
studied was 1965, and 1971 was the highest 
year at 0.59. The projected relative burden 
rises slowly from 0.50 in 1972 to 0.52 in 1979, 
If the farming sector were to allocate this pro- 
portion of cash flow toward financing the capital 
flow, there would be no increase in outstanding 
debt. 

Internal financing—The second signifi- 
cant analytical gain from knowing the past 
annual capital flow is that the amount of past 
internal financing can then be computed merely 
by subtracting the known increases in debt 
from the annual capital flows. The resulting in- 
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Table 4. Percentage composition of farm cash flow 
Farm cash flow 1950-54 1955-59 1960-64 1965-69 1970-71 a 

Total 100.0 100.0 100.0 100.0 100.0 100.0 
Net farm income 82.0 76.4 75.7 74.2 71.9 71.1 
Capital consumption allowances 18.0 23.6 24.3 25.8 28.1 28.9 
inery ` 12.9 17.1 17.3 18.1 20.1 22.4 
Operators’ dwellings 1.9 2.5 2.6 2.8 3.1 2.6 
Service buildings 2.2 3.0 3.4 3.9 4.0 3.3 
Accidental damage 9 1.0 1.0 1.0 9 7 








ternal financing series is shown in Figure 7. The 
figure illustrates well how the proportion of 
capital flow financed internally has dropped 
from around 88 percent in the early 1950’s to 
less than 65 percent in recent years (Table 5). 

Savings rate.—-Greater analytical signifi- 
cance, however, attaches to the ratio between 
internal financing and cash flow, for this repre- 
sents the percentage of its flow of spendable 
funds that the farming sector has in fact allo- 
cated toward meeting the capital flow. This 
ratio, which for convenience I will call the 
“savings rate,” stood at a steady 37 percent in 
the early 1950’s, but over the next ten years 
moved down into the low thirties, where it has 
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on average remained (Table 5). The average 
for the last ten years was 31.4 percent. 

The record of these analytical ratios is worth 
reiterating for the insight it gives into debt ex- 
pansion of the past two decades. In the early 
1950’s, when capital flow averaged 42 percent 
of cash flow, the savings rate was 37 percent, 
and thus 88 percent (.37/.42) of the capital 
flow was financed internally. But in the late 
1960’s, by which time the capital flow had in- 
creased to 50 percent of cash flow, the savings 
rate had dropped to 32 percent so that only 65 
percent (.32/.50) of the capital flow was fi- 
nanced internally. Thus the move toward 
greater external financing had two aspects 
rather than one, and the shift in the savings 
rate deserves as much recognition and study as 
the shift in the capital flow burden. Similarly, 
the prognosis for the amount of internal financ- 
ing needs to be a part of any speculation about 
the future course of farm debt just as much as 
the prognosis for capital spending and other 
capital flows. And the reasons for and possible 
consequences of a long-term shortfall in internal 
financing beg for the attention of analysts. 

Incidentially, this clarifies why, in the little 
paradox I initially posed, the projected increase 
in debt for 1972 was only marginally dependent 
on an increase in capital flow. The present an- 
nual gap between internal financing and the 
capital flow is so large that any conceivable one- 
year shift in internal financing is not going to 
come anywhere near closing it. So one does not 
need to project a higher capital flow next year 
in order to project a sizable increase in debt. 
One can do so even while expecting the same or 
lower capital flow! 

Projected financing.—Turning from the past 
to the future, and having already projected 
farm cash flow, we are ready to calculate pro- 
jected internal financing. For this, a long-term 
projection of the savings rate is needed. Many 
possible influences on this variable come to 
mind: the state of confidence in long-term farm 
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Table 5. Analysis of farm financial behavior 
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Analytical ratio 1950-54 1955-59 1960-64 1965-69 1970-71 Projection 
Ratio of capital flow to cash flow 42 43 44 50 ot 52 
Proportion of cash flow allocated to financing ; 
capital flow (savings rate) .37 33 30 32 .32 31 

Percentage of capital flow financed— 

Internally (from cash flow) 88 77 69 65 63 61 

Externally (by increase in debt) 12 23 31 35 37 39 
Average annual growth rate of— 

Capital stock 4.5 4.5 3.3 5.3 5.4 4.0 

Outstanding debt 7.5 8.9 8.8 9.0 8.0 6.7 
Ratio of: 

Debt to capital stock (end of period) 10 12 .16 i9 20 25 

Increase’in debt to increase in stock -16 21 .37 29 .29 40 





income prospects, appreciation (or lack thereof) 
of their farm and nonfarm investments, earn- 
ings available on nonfarm credit or equity in- 
struments, relative desire to upgrade consump- 
tion levels, number of farmers’ progeny in col- 
lege, and cost and availability of credit. The 
list could go on. As with the projected inflation 
rate, it seems best to assume one specific sav- 
ings rate and then vary it for alternative pro- 
jections. As the savings rate averaged about 31 
percent in each of the last two five-year pe- 
riods, it is projected to continue at this level. 
The product of this rate and the projected cash 
flow yields the projected internal financing 
(Fig. 7). When this internal financing is sub- 
tracted from the projected capital flow, the pro- 
jected annual increases in debt are obtained, 
as also shown in the figure. They approach the 
$7 billion mark by 1980. During the latter 
1970’s, this projection indicates that 61 percent 
of the capital flow is financed internally, and 
39 percent by increasing debt (Table 5). 
Outstanding debt—Annual increases in debt, 
past and projected, accumulate into the out- 
standing debt shown in Figure 8. Debt reaches 
$110 billion in January 1980, almost exactly 
doubling during the present decade. But out- 
standing debt grows at an annual rate of only 
6.7 percent during the latter part of the projec- 
tion span, which is significantly less than post- 
war experience so far (Table 5). The debt/ 
asset ratio advances further to .25 by 1980, and 
the ratio of projected increases in debt to pro- 
jected increases in the value of assets is .40 and 
rising, indicating that the debt/asset ratio in 
this projection is considerably far from achiev- 
ing stability. . 


Supply of credit—In this model considera- 
tions relating to the cost and availability of 
credit are subsumed in the determination of the 
savings rate. I find this an attractive formula- 
tion because it keeps one keenly aware that 
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factors affecting the quantity or proportion of 
internal financing are necessarily also the fac- 
tors affecting its mirror image, the quantity or 
proportion of external financing. 

I consider this de-emphasis of the credit sup- 
ply function justified on the grounds that a 
major lender—the cooperative farm credit 
system—serving the entire farming sector pro- 
vides a very elastic supply of funds at a cost 
tied closely to national money market interest 
rates. The Farmers Home Administration and 
the larger farm supply and equipment corpora- 
tions are also able to raise funds for farm lend- 
ing in the money market. Together, these 
“money market lenders,” whose outstanding 
farm loans are shown in Figure 8, are able to 
respond with almost perfect elasticity to shifts 
in farm loan demand because agriculture’s bor- 
rowings represent only a small portion of funds 
flowing through the money centers. They can 
offset the effect of changes in the supply of farm 
loans offered by other lender groups. And the 
cost of their funds is determined by the inter- 
play of fund demand and supply in the entire 
economy and thus is only marginally affected 
by demand changes originating in agriculture. 

Other major farm lenders—sellers of farms, 
life insurance companies, and commercial banks 
—do have unique loan offer functions that re- 
flect differences in their own sources of funds 
and other considerations as I have discussed 
elsewhere [7, pp. 5-6]. Briefly, loans offered by 
sellers of farms undoubtedly reflect land prices, 
land market activity, and provisions of tax 
laws. Farm lending by the life insurance com- 
panies appears to be related to their own cash 
flow (affected in turn by cyclical swings in 
policy loans and the repayment rate of out- 
standing loans) and the degree to which they 
may be temporarily over- or under-committed 
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in commercial lending. For commercial banks, 
the rate of deposit growth and the relative 
strength of loan demand from other sectors are 
probable factors. Each of these lender groups is 
also influenced by the relative rate of return on 
its farm lending as compared with other possi- 
ble loans and investments. Specification of such 
functions represents a logical future extension 
of the model. Lins recently completed a model 
incorporating such detail [6]. 


Alternative Projections 


I began this paper by noting that debt pro- 
jections for 1972 would be only marginally 
affected by rather different assumptions about 
changes in prices and real stocks during that 
year. Such alternatives can now be examined in 
more detail. 

Deviations from the projected 1980 debt of 
$110 billion appear most likely to result from 
price trends that differ from those projected. 
This could take the form of a sharp change in 
the price trend for a particular asset such as 
land or livestock, or the form of an annual rate 
of general price inflation other than 2.5 percent. 
The former exercise presents possibilities and 
combinations without limit and is not at- 
tempted here. Results from some of the latter 
possibilities are reported in Table 6. They indi- 
cate that even rather wide changes in the pro- 
jected rate of inflation do not materially alter 
the debt projection. However, this exercise in- 
dicates that the rising trend in the debt/asset 
ratio is significantly reduced as the rate of in- 
flation is increased. Even though debt rises 
faster at higher inflation rates, the value of 
capital stocks is affected to a greater extent, 
and therefore the rate at which the farming 
sector is mortgaging its capital plant is reduced. 

The second type of exercise reported in 





Table 6. Projections using alternative assumptions regarding prices and real stocks 
Annual rise in general price level set at: No change allowed in: 
Projected item 25 1953-68 1968-72 Real : Stocks Addendum 
= average average Prices or 
percent (1.7 percent) (4.1 percent) stocks s prices 
Value on 
1/1/72 
Value on January 1 1, 
Outstan ebt (billions of vf dolara) 110 105 108 114 108 100 96 65 
Ratio of d ie ital stock 257 284 -265 243 -256 313 307 201 
Av per farm (thousands of doflars): 
Capital stock 185 160 177 203 183 139 136 113 
S oa debt 48 45 47 49 47 43 42 23 
Flow in 
Flow in 198 of dollara) mie 
1980 : 
Preah ee 33.0 27.1 31.1 37.1 32.8 27.0 26.6 24.6 
Capital flow 17.3 14.2 16.3 19.5 16.7 12.9 11,9 14.4 
Increase in debt 6.9 5.7 6.5 7.9 6.4 4.4 3.5 5.4 
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- Table 6 indicates that a large increase in out- 
standing debt is very probable over the next 
few years. Even with no change in stocks or 
prices, the debt in 1980 is projected at $96 bil- 
lion, as compared to 1972 debt of $65 billion. 
Before concluding that a large increase is in- 
evitable, however, we should examine the possi- 
bility of a change in the savings rate. In all 
these projections, internal financing was speci- 
fied at 31.4 percent of farm cash flow. How 
would a shift in the savings rate affect the debt 
projection of $110 billion? 

During the projection period, 1972-79, farm 
cash flow is projected to average $28.8 billion 
annually. Given the savings rate of 31.4 per- 
cent, yearly internal financing averages $9.0 
billion (.314 28.8 = 9.0). As the average annual 
projected capital flow is $14.7 billion, an aver- 
age annual debt increase of $5.7 billion is indi- 
cated (14.7—9.0=5.7). Over the eight-year 
period the total increase in debt is $45.4 billion; 
thus outstanding debt reaches $110 billion in 
January 1980. 

Going back to the beginning of this sequence, 
one can see that each increase of one percentage 
' point in the average savings rate for this pro- 
‘jection period increases average annual internal 

financing by $288 million and therefore reduces 
the average annual increase in debt by the same 
amount. Thus, for example, a savings rate five 
percentage points higher represents an addi- 
tional $1.4 billion in average yearly internal 
financing. This would reduce the average an- 
nual projected increase in debt to $4.3 billion, 
and outstanding debt in 1980 reaches only 
$98.5 billion. 

What savings rate would stabilize outstand- 
ing debt at its January 1972 level? Average 
annual internal financing would have to rise 
$5.7 billion. The savings rate would have to be 
about 20 percentage points higher (5.700+ .288 
= 20), putting it at 51 percent. Such a savings 

_Yate appears very unlikely. The top savings 
rates for individual years since 1950 have been 
39 percent in 1957-58 and 37 percent in 1950- 
53, 1955, and 1971. A decrease of about 7 per- 
centage points occurred between the early 
1950’s and early 1960’s (Table 5). If a reverse 
shift of this magnitude is assumed to occur im- 
mediately, projected 1980 debt is reduced by 
$16 billion. This is a significant effect, particu- 
larly when compared to the impact of alter- 
native inflation assumptions and the like, but 
the move to substantially higher debt over the 
next few years still seems assured. 
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Concluding Thoughts on Farm Debt Expansion 


What events might bring about an eventual 
reduction in debt expansion? Since this requires 
that internal financing get more closely aligned 
with capital flow, the answer requires a search 
for possible adjustments in either of these two 
variables. 

First, the amount of real net capital forma- 
tion supported by the present capital flow is al- 
ready rather small. Since we do not anticipate 
that real stocks of machinery and livestock will 
begin downward trends, there seems little like- 
lihood of a significant negative effect on capital 
flow from this area. 

That leaves, on the capital flow side, the 
funds being withdrawn from the farming sector, 
in the course of intergenerational transfers of 
property. For one thing, an increase in the aver- 
age level of existing debt on property that is 
transferred will tend to decrease these with- 
drawals. We might also wonder whether the 
rate of farmer retirements and/or the propor- 
tion of nonfarm heirs may be lower in the future 
than it has been over the last two decades. 

On the internal financing side, the question 
boils down to speculation about what the farm- 
ing sector is doing with the funds that it has not 
had to save because of the ability to borrow. 
One possibility is that the sector is enjoying a 
higher level of consumption by mortgaging its 
assets. If this is the case, the sector’s ability to 
pursue this course will diminish as the debt/ 
asset ratio rises and as debt service absorbs a 
higher percentage of gross receipts. 

More likely, however, the use of debt rather 
than internal financing does not stem from that 
kind of choice, but is instead a necessary conse- 
quence of the reorganization of agriculture into 
larger units. Technological advances keep mak- 
ing larger farms more efficient and profitable 
than smaller units. The optimum size of farm in 
most areas has gone beyond the size that repre- 
sents the wealth that an average American— 
not to mention an average American farmer— 
can presently expect to accumulate over his 
lifetime. As other types of business enterprises 
in the United States have reached this stage, 
ownership and management have generally 
been separated through the sale of equity shares. 
to the public or through takeover by publicly- 
held firms. Agriculture has largely not yet fol- 
lowed this route. The need to do so has been 
obviated, at least temporarily, by the ability 
to raise funds for expansion by increasing debt. 
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Incidentally, this has allowed farming to re- 
main a single-family enterprise. If the family 
farmers were unable to increase debt to enlarge 
farms, so that a sizable gap opened up between 
unit costs of the typical and of the optimum 
farm, others with the necessary equity capital 
or borrowing capability would eventually enter 
the industry. 

Some worry about servicing the higher debt. 
But if the debt expansion is largely financing 
the reorganization of farming into larger, more 
efficient units, presumably the net return from 
the reorganization is positive—the debt service 
having been covered from the lower unit costs 
thereby achieved. 

If this view of the major underlying cause of 
the debt expansion is correct, then it follows 
that the trend rate of expansion should reflect 
farm enlargement possibilities and pressures.! 


1 Much of the past analytical comment on increases in 
capital and debt of individual farms may not have been 
well founded, however, because it has been based on com- 
parison of per farm averages over time. We have known 
that the change in such averages is distorted because the 
farm units disappearing over time are mostly small farms, 
but we may not have appreciated how big this distortion 
may really be. In an article that deserves more attention 
than it appears to have received, Reinsel shows that two- 
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There remains the ever present possibility, how- 
ever, that institutional arrangements will be 
created or revised to allow or to encourage the 
nonfarm sector to shift to providing funds to 
the farming sector relatively more through the 
purchase of equity instruments and relatively 
less through direct lending or the purchase of 
credit instruments. For example, fairly recent 
arrangements already permit a substantial 
amount of nonfarmer equity investment in cat- 
tle operations. Or, Hieronymus points out that 
some recently created futures contracts in ef- 
fect permit speculators to furnish equity capital 
for farm commodities still in the farm produc-, 
tion process [4, pp. 130-133]. Further develop- 
ments like these may eventually alter the 
financing of agriculture. 





thirds of the 1959-64 increase in the average number of 
acres per farm is a statistical illusion [12]. The published 
average rose from 302 to 351 acres, or by a sizable 16 per- 
cent in five years. But an analysis reveals that the farms 
still existing in 1964 averaged 335 acres in 1959. On average 
these farms each purchased or rented an additional 16 
acres, raising the 1964 average to 351 acres. Thus the true 
rise in average size was from 335 to 351 acres, or only 5 
percent in 5 years. What a difference from 16 percent! This 
could well be an indication of the degree to which compari- 
sons of average assets and debt are also distorted. 
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Discussion: Jonn A. Horxn, Texas A & M University 


My comments on the paper by Myers, Rog- 
stad, and Wehner reflect some frustrations 
arising because I did not have access to the pa- 
per until after Christmas and some careless 
pencilling of equations made the xerox copy 
which I received impossible to follow in some 
cases. This, combined with the limitations of 
my own mathematical maturity, established 
some communication problems (which have 
been only partly alleviated by this session). 

The problem is more serious, however. The 
purpose of a model should be to increase preci- 
sion or to simplify. Much of this paper seems to 
be caught up in a sort of “Joan Robinson” exer- 
cise of taking well understood relationships and 
expressing them in abstruse forms. 

Myers, Rogstad, and Wehner make the as- 
sumptions of perfect competition, no economies 
of scale, and that capital “is available to the 


industry in unlimited amounts at an invariant - 


price which coincides with the national cost of 
capital.” If all these assumptions were valid, 
many (but not all) of the current problems in 
rural development would be corrected. 

However, one cannot help but be impressed 
with the soundness of the conclusions arising 
from their models. Let me cite three: 


(1) A capital subsidy has the effect of lower- 
ing the cost of capital relative to labor 
while a wage subsidy changes relative 
factor costs in favor of labor. By follow- 
ing through their equations (6) through 
(11), one “confirms the notion that as 
capital costs relative to labor costs de- 
cline, firms substitute in favor of cap- 
ital.” 

(2) “The substitution effect against labor 
due to a lowering of capital costs must be 
compensated for by an expansion in total 
industry output if total employment is to 
increase.” 


Or, again, 

(3) “Any shift in the industry supply curve 
occasioned by the change in costs pro- 
duces no change in value added if the in- 
dustry demand curve is of unitary elas- 
ticity.” 


Other great truths are also confirmed. I, for one, 
had these truths confirmed “by the Spirit,” as 
it were, the first time I encountered them in 
Samuelson’s Principles. I did not need to leave 


my family and travel 1,500 miles north i in late 
December for a confirmation, 

I am encouraged that EDA is attempting to 
assess the costs and benefits of alternative sub- 
sidy schemes for regional development. I'am 
also encouraged that those making these evalu- 
ations appreciate basic economic relationships. 
That they also have the skills to formulate these 
relationships mathematically provides added 
comfort. Seriously, these skills will be needed 
before the job is done. But we still seem to be at 
the starting gate in terms of knowing which 
parameters must be measured or estimated, 
what proxies can be developed for those essen- 
tial variables which are unmeasurable, and how 
one goes about empirically quantifying those 
proxies so that alternative subsidy programs 
can be evaluated. 

Dr. Melichar in his paper presents a refine- 
ment of some of his earlier efforts and builds on 
earlier work by Tostlebe, Johnson, Brake, and 
others. The model concentrates on net cash 
flows rather than gross flows. Sources of net 
cash flow include net cash farm income, capital 
consumption allowance (depreciation) and in- 
creases in debt. Net cash flow uses include pro- 
prietor withdrawals and net capital flows. A 
projection of net capital flows is aggregated 
from projected flows for (1) land transfers; (2) 
buildings and land improvements; (3) ma- 
chinery purchases; (4) changes in livestock and 
crop inventories and in financial assets. He then 
projects savings or internal sources, and con- 
cludes that the difference must be met with in- 
creases in debt. 

There is much of Emil’s [Melichar] paper 
with which I agree. It provides new and inter- 
esting insights into the relative components of 
capital flow. In the interest of time, I will ignore 
those points on which I agree and focus on 
points where I might disagree or feel a modifica- 
tion or expansion would increase the usefulness 
of his model. 

Let me first make a few rather minor com- 
ments on Emil’s estimating procedures. First, 
he defines the annual financing requirement 
associated with farm transfers as the amount of 
funds withdrawn from the farming sector by 
sellers who leave the farming sector or who are 
nonfarm heirs. This definition seems incom- 
plete. The net capital flow requirements for 
agriculture associated with land transactions 
are land purchases by active farmers from non- 
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farmers (including farmers and heirs who with- 
draw these funds from agriculture) minus land 
purchases by nonfarmers (for whatever pur- 
poses) from active farmers. Since cash flow for 
land transfers accounts for some two-fifths 
of total capital flow, refinements in these esti- 
mates are important. If Emil has ignored the 
new equity capital coming into agriculture by 
nonfarm purchases of land from active farmers 
(as it seems to me he has done), he has over- 
estimated the net capital inflow requirements. 

His analysis of land prices ignores the impact 
of government payments and technology. The 
inclusion of these variables should make his 
projections more relevant. 

Decisions on farm machinery purchases are 
associated with many complex variables. Emil 
has captured several of these in his formulation. 
But there are several factors that are not amen- 
able to formulation ex ante—the most import- 
ant of which is technology. Others are weather 
and, to a less extent, farm prices. Emil gets at 
weather and prices ex post, since these become a 
part of his “real machinery purchasing power of 
last year’s cash flow.” I have no good recom- 
mendation for technology, except to stress that 
it may be a dominant variable and excluding it 
ought to merit at least a footnote. 

Emil correctly assumes that machinery pur- 
chases are influenced, in part, by changes in 
farm income the previous year. However, he 
then seems to assume that capital flows are in- 
dependent of farm income, so that retained cash 
flows and increased debt become additive com- 
ponent sources. As a former pseudo-practi- 
tioner, I gained the impression that a significant 
increase in farm cash receipts often led directly 
to increases in both capital purchases and debt. 
That is, that the relationship between internal 
capital sources and external sources might be 
more complementary than competitive. Both 
complementary and competitive relationships 
likely exist and lie confounded in Emil’s anal- 
ysis of available data. J am suggesting that 
additional analyses using different lags and 
linkages might also be revealing. 

I do not see as many differences between 
lending institutions as Emil infers in his brief 
comments on the supply of credit. He points 
out that the Cooperative Farm Credit System, 
the FHA, and farm supply companies raise 
their loanable funds in the money market, 
whereas commercial banks and insurance com- 
panies are influenced by other important fac- 
tors affecting their supply of funds and invest- 
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ment alternatives. But are not those forces 
which affect the supply of, and nonfarm de- 
mand for, bank funds the dominant forces af- 
fecting the money market? Thus, I have de- 
tected very little differences between banks 
versus PCA’s in the cyclical availability of 
funds. However, there are important differences 
in the average size of individual farm loans and 
in average loan maturities between these two 
important groups. And these differences might 
be crucial to the future long-run relative posi- 
tion in farm lending of these two institutions. 

This leads to my main criticism of Emil’s 
model: It is based on residual net flows rather 
than on gross flows. Consequently, it is con- 
cerned primarily with capital flows that must 
be financed. It ignores a large number of cash 
flow items each of which place as heavy a pres- 
sure (dollar for dollar) on a firm’s liquidity as 
does capital flows. The case with cattle is a case 
in point. Total numbers of cattle in the inven- 
tory has increased only modestly, as Emil 
points out in Figure 6. But productivity has in- 
creased more sharply. A large part of this in- 
creased productivity results from the develop- 
ment of the commercial cattle feeding industry 
which relies on year-round feeding, with some 
cutbacks in late fall and winter. The dollars 
loaned to this industry have increased greatly, 
and this increase is not adequately reflected in 
debt outstanding January 1. 

The difference in the two approaches can be 
seen at once by looking at the items comprising 
a sources and uses of funds statement. Instead 
of net cash farm income, capital consumption 
allowance and increased debt, we must now 
include as sources all those items listed on the 
left-hand side of Table 1. On the uses side, we 
can no longer be content with looking only at 
net capital flows and proprietor withdrawals, 
we must include all those items listed on the 
right-hand side of Table 1. Granted, one can 
make the inferences Emil makes without this 
detail; and granted, further, that he makes 
some relevant and useful inferences. But one 
overlooks a most critical issue affecting the 
financial structure of agriculture in so doing— 
namely, its deteriorating liquidity. 

Let me fill in some figures based on our best 
estimates of these variables for Texas agricul- 
ture (see Table 1). Notice that annua! nonreal 
estate borrowings constitute the largest single 
source of cash flow for Texas farmers. And if 
the trends of the 1962-70 period are projected 
to 1980, annual repayments on nonreal estate 
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Table 1. Sources and uses of funds, Texas agriculture, 1970 


Cash receipts from farm marketings 3.7. 
Government payments 5 
Nonfarm income i 1.2 
All real estate debt extended during year 4 
All nonreal estate debt extended during vear 5.1 
Real estate sales by active farmers 3 
Beginning financial assets 1.4 
Total Sources $12.6 


Farm operating expenses 2:5 
Capital expenditures 4 
Repayment of real estate debt 4 
Repayment of nonreal estate debt 5.0 
Real estate purchase by active farmers 5 
Ending financial assets 1.2 
Proprietor withdrawals 2.6 

$12.6 





Source: Robison, L. J., P. J. Barry, and J A. Hopkin, ‘Cash Flows and Financing in Texas Agriculture,” paper to 


appear in Southern Agr., Econ. J., July 197. 


debt will substantially surpass the total of cash 
farm sales, government payments and nonfarm 
income. Clearly, an important, possibly the 
dominant, source of annual loan payments is 
annual nonreal estate borrowings. How much 
inadequate loan maturities contribute to this 
condition should be a matter of concern. For 
example, if the purchase of a depreciable asset 
that will generate sufficient cash flow over a 
five-year period to justify the investment is 
financed over one to three years, the farmer 
might make a highly profitable investment that 


almost “does him in” in terms of cash flow. 
Bankruptcy courts are replete with such cases. 
A number of similar situations might be sighted. 

Tf our estimates of gross cash flows for Texas 
agriculture are anywhere near the mark, a de- 
teriorating liquidity is becoming serious for 
some farms. Loan maturity is becoming a vital 
criterion in agricultural finance. Therefore, I 
would like to see Emil’s model modified to in- 
clude gross flows in order to reveal what might 
be happening to liquidity. 


Discussion: W. C. Motes, Economic Research Service, USDA* 


The Myers, Rogstad, and Wehner paper pre- 
gents an analytic framework for evaluation of 
alternative subsidies for encouraging regional 
development, according to their introductory 
statement. The economic characteristics of so- 
called “target regions” are manipulated to esti- 
mate impacts of several kinds of subsidies. The 
model is to identify the most satisfactory type 
of subsidy. 

, Hypothetical “target” regions are described 
in terms of representative firms. Representative 
firms have production characteristics that are 
national averages for their industries, and they 
face factor and product prices that are fixed. 
Thus, marginal costs and marginal prices are 
fixed, as are marginal elasticities of substitution 
among factors (and products) and between cap- 
ital and labor. Some variables such as labor sup- 
ply are region-specific. Most production and 
market characteristics are industrpy-secific, 
that is, national averages for the industry. A 
general (linear homogeneous) production func- 
tion is used. Specific market interventions are 


* The views are those of the author and should not be 
construed as representing Departmental policy. 


postulated in terms of changes in cost or prices 
to recipient firms. These result in changes in re- 
source use and factor proportions (and thus in 
changes in returns to resources of the region). 

This model is to be part of a larger effort that 
will produce a refined model that will reflect the 
actual characteristics of a real region (rather 
than “representative” firms and hypothetical 
regions) and will allow the evaluation of specific 
market intervention activities on specific firms, 
considering the location and resources of the 
region. 

I understand that the more powerful model 
is some time away but that some of the con- 
ceptual work is underway. 

I am impressed by the effort. It is an attempt 
to use econometric models to complement the 
judgement of public decision makers at the 
national and local levels. If successful, it would 
help both the public and private decision mak- 
ers make better choices, given their objectives. 

The stakes are high. New legislative author- 
ity under the Rural Development Act of 1972 
covers a range of activities from business loans 
to community facility grants. Concern at local 
and national levels about development and the 
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process that should be undertaken to further 
development in ways consistent with high 
standards of efficiency, equity, and aesthetic 
quality is intense, and the debate is going on at 
all levels of government and in the courts. In 
short, communities from coast to coast and 
governments everywhere are contemplating 
direct and indirect intervention in the develop- 
ment process. These decision makers are des- 
perate for information. There are almost no 
specific answers to a range of very important 
policy and administrative questions. EDA, 
through this effort and others, appears to be at- 
tempting to find some hard answers. 

I like the perspective of the larger project. 
The model is properly seen as an evidence gath- 
ering tool that can help. It can provide a rough 
and vague framework to which much other 
information can be added to help people decide 
among development targets and techniques. 
The project is tightly linked to policy decisions. 
Economic theory and economic evidence are 
seen in perspective, I believe, and the models 
are designed for performance relative to impor- 
tant questions, even at the cost of econometric 
elegance. 

Unfortunately, however, I was not able to 
come to these conclusions from the paper, or at 
least from the draft I had before today. The 


project described there is cryptic and the model - 


vague. It is a logical model that asserts that it 
is not only possible, but interesting and worth- 
while to describe firms and regions in abstract 
terms. No estimates of characteristics or param- 
eters are given here, and it is difficult to develop 
much confidence in the model because so little 
of how it will work is shown. I have the impres- 
sion from the paper and from discussions with 
people at EDA that this is a very partial pic- 
ture of what is intended and of what is being 
developed and tested. Considerably more detail 
would have helped. 

Some qualities of the effort can be seen. The 


model now is inflexible and not very complete.. 


Use of general production functions, fixed 
prices, and hypothetical regions prevents the 
model from being specific with regard to the 
specific problems and questions of individual 
regions. The generalized functions make it 
rigid and limit its use to carefully specified 
conditions. 

I do not mean this as a criticism. This tells me 
that the project is a high risk effort. It will be of 
significant value only if it is completed, if it 
works, and if it is useful to help policy decisions. 
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And these requirements, I can tell you, imply 
very great risks for a research effort. It is only 
necessary to ask how many research efforts are 
submitted to tests against those three criteria 
to conclude that the risk is great indeed, for I 
see very few efforts so tested. 

Thus, the first critical question is, will it 
work? I can’t tell from the paper and I believe 
it is too early to know. It is really too early to 
see very much of the specifics of the project. 
The model now cannot say much about the real 
world. It has not yet been tested to see if it per- 
forms as expected. 

On this score, I am disappointed to see that 
no empirical tests are scheduled, or at least 
EDA reports none in their 1972 research pro- 
gram. The project ends with an interpretation 
and presentation. I would be much happier to 
see even a general commitment to some kind of 
small test, perhaps using secondary data with 
common sense as the principal test criterion, 
with this test leading to a more demanding test 
under field conditions. 

In addition to the testing, I would like to 
know much more about how the model will be 
refined. This is beyond the scope of the paper, 
it appears, and I am disappointed that it is. My 
major interest is how well the model will work 
and how it will be used, and it is too early to 
tell. The project has at least another six months 
before it is scheduled to end in June of 1973, 
and I assume the final six months will be de- 
voted mostly to making the model more specific 
and removing some of the limiting assumptions. 
I will watch that process with great interest. 

In summary, I think the project is asking the 
right questions, and I am happy to see this 
progress. I would be happier if this kind of 
effort were taken seriously enough to warrant a 
little more attention in terms of a scheduled 
test, given satisfactory preliminary progress. 

I want to make one additional comment, and 
I intend it to be a critical one. I submit that the 
EDA-Systan project we are discussing here 
is a modest one. It involves complex and 
dynamic relationships, but we have and use 
serviceable estimates of most of the relation- 
ships involved. It should be a manageable task 
to make estimates of all of them. The concept 
of the model is straightforward, even though 
complicated, and it should be easily possible to 
design it, adjust it, and use it. The technology 
to do so is available and has been for many 
years. 

And, the answers being sought are basic to 
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the wise management of one program that in- 
vests a quarter-billion dollars each year—and 


/ to several other state and federal investment 


programs as well concerning a total annual in- 
vestment of several (many) billions of dollars. 

These programs have been in operation for 
varying periods and at varying levels of fund- 
` ing. But at the very least, these questions have 
been of fundamental importance for multi- 
million dollar annual programs for 10 years or 
more—and for multibillion dollar programs for 
the last several years. 

This project is not the first attempt to de- 
velop applied research techniques to answer 
this question, nor is it the largest, I suspect. 
But is it not significant that after spending so 
much money each year for many years, we are 
still so far from applied research conclusions to 
guide it? Why has it been so difficult to design 
and develop good and useful research on these 
topics of such major concern? I mean this as a 
‘criticism, not of the authors nor of the project, 
but of ourselves and our profession. 

It is true that the subject is complex and 
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dynamic—that tomorrow’s technological 
changes may make today’s conclusions obso- 
lete. The relationships are hard to measure and 
data are expensive and closely held. For another 
thing, such conclusions often involve conflicts 
among vested interests and among beliefs or 
preferences. The questions are difficult for all 
these and many other reasons. 

But I wonder if this is the whole answer. I 
wonder if part of the problem is not inherent in 
the way we do research—the one researcher, 
one project approach to problems. I wonder if 
our preference for the abstract, rigorous con- 
ceptual world and the prestige that we award to 
those efforts has led us simply to neglect to 
apply what we know in effective attempts to 
solve important problems at hand. f 

I submit that this has happened, and that 
this set of problems is a case in point. I see this 
project as a step in the right direction and I 
hope it is the first of many.I would hope it sparks 
professional debate and interest and leads to 
challenges and tests and perhaps—just per- 
haps—some useful answers to hard questions. 


Discussion: C. B. Baxer, University of Illinois-Urbana 


Capital used on farms before diminishing re- 
turns is growing relative to capital a farmer can 
be expected to finance in a lifetime that in- 
cludes a level of living comparable with others 
in an increasingly affluent society. The illiquid- 
ity the farmer can be expected to bear in mod- 

‚ern society is limited. In the past, most capital 
formation on farms has been financed from 
within the agricultural sector. Increasingly, 
farmers resort to external finance. Inflation has 
reduced the real cost of debt instruments that 
are written with a fixed rate of interest. 

But the declining liquidity of farms increases 
the value of reserved credit, thus increasing the 
influence of lender policy on farmers’ choices in 
production and marketing. Even more, it pro- 
motes the search for and innovations of novel 
financing techniques: real estate investment 
trusts, limited partnerships, and corporate 
forms, etc., raising questions on the continued 
dominance of debt instruments as the means of 
acquiring external finance. This is the view at 
the end of the tour as guided by Melichar. But 
arrival is only half the fun. Others have pro- 
vided similar scenarios. We are indebted to 


Melichar for the analytical mapping he pro- 
vides. This is especially useful if we opt for a 
different route and a different scenario that 
might be achieved by policy choices. 

The key concepts are “capital flows” and 
“cash flows.” We turn first to capital flows: out- 
lays for capital formation. Forty percent of the 
capital flows are accounted for in land, another 
forty percent in machinery. The balance is ac- 
counted for in livestock and crop. inventories 
and in financial assets: currency, demand and 
time deposits, and U. S. Savings Bonds. Both 
livestock and crops fluctuate erratically with 
respect to trend values, especially livestock, 
which also exhibits cyclical behavior. But the 
main show is provided in land and machinery. 
The land problem rests principally in how to 
arrive at a proper price. Only a small quantity 
of land is subject to transaction in a given year. 
In the case of machinery, much of the outlay 
is in replacement, reflected, therefore, largely 
in depreciation. The “real” stock of machinery 
is revealed to increase by less than one percent 
per year. i 

Having tried less successfully than he to man- 
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age the machinery component of capital flow, 
I can only admire Melichar’s results. To have 
explained 91 percent of the variance in ma- 
chinery stock since 1954 is no mean achieve- 
ment, especially when explanatory variables 
make such sense as they do: harvested crop 
acres; the ratio of machine prices to farm wage 
rates; and the machinery purchasing power of 
farm cash flows. We must take him seriously in 
this major component of capital flow of the 
agricultural sector. 

His land results are different. He reviews 
Reinsel’s explanation of land price variation 
with population and money supply, noting the 
effects of multicollinearity on the R? of 0.99. In 
turn, he explains land price variation (R?=0.98) 
with the general price level and the number of 
farms. He also uses an index of crop produc- 
tion, despite finding that it had little influence 
on land price variation. But how does this 
formulation improve upon the management of 
multicollinearity? Nor are we provided with 
any tests for auto-correlation. One suspects a 
high level of auto-correlation that would leave 
us skeptical with respect to projections with his 
land price equation. Might there be important 
omissions among explanatory variables? 

Perhaps it would be useful to turn to more 
basic considerations in searching for explana- 
tory variables in land price. Why not consider 
the capitalization of land income streams? One 
would be led at once to prices received and per- 
haps prices paid by farmers, to reflect changes 
in the cash flow to be discounted, and to a rate, 
d, at which to discount the cash flow. Woulda 
search of theory and data reveal a more useful 
set of explanatory variables? Maybe it would 
be worth a try. Land price is the important part 
of the land component. The land component ts 
40 percent of capital flow. We do need to do 
better. 

Melichar reveals that since 1965 capital flows 
have averaged more than half the amount of 
cash flows: gross farm income minus farm oper- 
ating expenses. He defines the ratio of capital 
flow to cash flow as the “relative capital financ- 
ing burden.” It is the fraction of cash flow that 
would be required to finance the capital flow 
internally. It averaged 42 percent from 1950-54 
and 50 percent from 1965-69. It reached a high 
of 59 percent in 1971 after dropping to 43 per- 
cent in 1970. It appears to have an accelerating 
positive trend. 

The annual amount financed externally is 
given by the annual change in debt. Change in 
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capital flow minus change in debt is the amount 
actually financed internally. He derives a “‘sav- 
ings rate’ as the ratio, amount of internal 
financing to cash flow, and finds that it has 
fallen from 37 percent in the early 1950’s to an 
average of 31.4 percent for the past ten years. 
Thus the percent of capital flow financed in- 
ternally fell from 88 percent in the early 1950’s 
to 65 percent in the late 1960’s, owing to an in- 
crease in capital flow relative to cash flow and a 
decrease in the rate of “savings.” Similarities in 
debt projections can be masked by gross dif- 
ferences in their expected values of capital flow, 
cash flow, and savings. His own expectations 
lead him to project 61 percent of the capital 
flow to be financed internally by the end of the 
1970’s, the remaining 39 percent externally. 
This will double the sector’s debt by January, 
1980, a projection well within the range of sev- 
eral others. However, Melichar’s projection is 
reached with a declining rate of increase in the 
debt during the latter part of the 1970’s. 
Melichar calls for an analysis of his savings 
rate (change in capital flow less change in debt) 
/(gross farm income less farm operating ex- 
pense). I would second this suggestion but add 
that we need to relate it to a savings rate that 


incorporates a consumption function: (change 


in household expenses)/(change in net cash 
flow). In point of fact, Melichar’s savings rate 
turns out to be a rather erratic statistic. Con- 
sider the last five years: 


1967 35.6% 
1968 36.0 
1969 28.5 
1970 27.6 
1971 36.7 


Such variations leave us a little skeptical about 
projections based on a firm assumption of 31.4 
percent from now until 1980. 

A little arithmetic reveals the difference made 
by the assumption on Melichar’s savings rate. 
Using the 1971 rate, 36.7 percent (of a cash 
flow of $28.8 billion), $10.6 billion of the annual 
capital flow of $14.7 billion would be financed 
internally. Thus, over 1972-80, sector debt 
would increase by $32.8 billion to a total of $97 
billion. The lowest “‘savings” rate in the past 10 
years was 27.2 percent, in 1964. If we use this 
rate, only $7.8 billion would be financed in- 
ternally each year. Hence the debt would in- 
crease to $120 billion. There is little to rely 
upon to narrow this wide range of expectations. 
We do indeed need to investigate the determi- 
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nants of “savings.” But I am less hopeful than 
Melichar about his point of departure. We need 
to return to fundamentals. 

In addition to consumption behavior we 
might investigate the terms of debt generated 
by external financing of the capital flow. Real 
estate debt forces savings through amortiza- 
tion. Nonreal estate debt forces savings to the 
extent that repayment is required at a rate that 

exceeds self-liquidating uses of loan proceeds. 
Maybe a determined attack on both consump- 
tion behavior and debt management would 
yield useful results. Again, the issue is impor- 
tant and we need to do better. 

There is, finally, a technical point in relation 
to his “alternative projections.” It seems clear 
that inflation increases Melichar’s “savings” 
and deflation decreases it. Inflation increases 
(and deflation decreases) capital flow relative 
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to debt. So when he postulates as an alternative 
to a 2.5 percent inflation rate a zero-rate of in- 
flation, should he not also reduce the rate of 
savings? This may seem a small point. But re- 
member the effect of alternative rates of sav- 
ing? It also serves to remind us of the complex 
of interrelationships in the system represented 
by Melichar’s simulator, 

We have here an excellent analytical ap- 
proach to important aspects of market-oriented 
agriculture. My few points of criticism should 
not be taken to obscure his real and substantial 
contributions. A few more forays over the ter- 
rain mapped by Melichar will reveal features 
we have theorized about too long and that we 
need to know if we are to make rational choices 
affecting the structure of agriculture, its eco- 
nomic performance, and the welfare it provides 
to those who participate in it. 
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ON THE CONCEPT OF SUBSECTOR STUDIES* 


Organization of research effort is a perennial topic 
of discussion in the profession. And it should be. Re- 
cently some attention has been directed to considera- 
tion of the subsector study as a meaningful unit of 
organization. The following comment is in response 
to questions I have been asked regarding the concept 
of subsector studies. These tentative expressions of 
opinion are offered as a contribution to the ongoing 
discussion. 

How do subsector studies differ from more tradi- 
tional approaches? The uniqueness of subsector 
studies is not in the methodology or approach but in 
the scope and comprehensiveness of the research. 
The area of research is simply defined to include 
both the vertical and horizontal relationships in a 
significant part of the food and fiber sector. It is 
more of a departure in research organization than a 
departure from traditional approaches of agricul- 
tural economics research. 

Nevertheless, I would hope that changes in em- 
phasis and approach would be associated with the 
specific subsector studies. I would hope for a shift 
from the organizing concept of static allocative effi- 
ciency to the concepts of dynamic systems and per- 
formance. The changing relationships of technology, 
preferences, and institutions, which are often as- 
sumed as given in analysis of allocative efficiency, 
should be explicitly included in analysis of the sub- 
sectors. This requires, among other things, that the 
research team must be more broadly oriented than 
is usually the case among agricultural economists. 
Emphasis on physical transformations and commodi- 
ties needs to be expanded to include institutional, 
organizational, and human behavior dimensions. 

Implied in the idea of subsector analyses is the 
consideration of both vertical coordination and com- 
petitive relationships. Research on economic or- 
ganization has emphasized the firm and the industry 
and has tended to neglect the critical issues involved 
in vertical coordination. Economic theory similarly 
tends to neglect vertical coordination except as the 
firm faces factor and product markets. It seems to 
assume a simple linkage. Industry studies have 
tended to be based upon the assumption that struc- 
ture and performance are related in a way similar to 
that hypothesized in the competitive model. Thus, 
we have many market structure studies of industries 
which measure concentration ratios and some re- 


* I would like to thank V. Sorenson and W. Vincent for 
reaction to the initial draft of these comments. A version of 
this paper was presented at the Technical Seminar on Sub- 
sector Modeling of Food and Agricultural Industries, De- 
partment of Agricultural Economics, University of Florida. 


lated variables such as profits but do not get to the 
important questions of performance of the complex 
system of which the industry is a part. The question 
of effectiveness of the market as a coordinating 
mechanism is seldom an explicit aspect of an indus- 
try study. 

Ray Bressler (2, p. 5] summed up the attitude of 
numerous agricultural economists concerning studies 
of industry structure as follows: “Descriptive studies 
of market structure have little demonstrable relation 
to performance; and the numbers game that so often 
accompanies such structural studies, and seems to 
provide the major basis for public policy, appears to 
be misguided—perhaps ‘stupid’ would be a more 
appropriate word. Especially in terms of local mar- 
kets with which most of you are concerned, the 
important problem is not how to maintain or increase 
the numbers of competitors but how to adjust to the 
compelling pressure of technological advance for 
large-scale operation and at the same time insure 
that benefits are not converted into monopolistic 
gains but accrue to producers and consumers.” 

Emphasis on vertical coordination does not mean 
that the competitive characteristics of a particular 
industry or market are unimportant. Every market is 
important in coordinating the system, and the effec- 
tiveness of a market in coordinating activity will be 
related to competitive characteristics. 

I believe our traditional subdisciplinary orienta- 
tions and definitions may impede our research effec- 
tiveness. I am particularly concerned with the 
peculiar definition of agricultural marketing as being 
all that takes place from the farm gate to the con- 
sumer, and production as what takes place on farms. 
It seems to me marketing must refer to the exchange 
process at whatever stage in the sequence of produc- 
tion it takes place and production must refer to the 
physical transformation which also occurs at every 
stage. I would prefer to think of two parallel systems 
—the physical transformation system and the co- 
ordination system which controls the physical trans- 
formation system. Coordination takes place through 
administrative or exchange processes. Administrative 
coordination takes place within the firm or by gov- 
ernmental authority. Exchange coordination usually 
involves markets but not necessarily competitive 
ones. Major issues in subsector studies involve the 
extent of these two forms of coordination and the 
practices and institutions which affect them. ` 

With the food sector viewed as a complex indus- 
trial system, the distinction between factor and 
product markets becomes less relevant. Every prod- 
uct is an input to another product. The sequencing of 
physical transformations becomes the focal point. 
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Even the distinction between production and con- 
sumption is misleading: For example, your household 


uses laundry materials to produce a clean shirt, and - 


you use the clean shirt to produce a good impression 
at the office. These processes are production in the 
same sense that transformations which take place on 
the farm are production. 
Closely tied to my perception of subsector studies 
is what I would call a systems orientation. By this I 
mean analysis of an economic activity in the context 
of a broader-system. Such analysis would take into 
account feedback, sequences, and externalities. It 
includes the idea of simulation in the sense of project- 
ing the flow of consequencés from the dynamics of 
ongoing processes or from potential modification in 
the subsector. Orientation is toward understanding 
the interdependencies and the effects which are not 
immediate or obvious. This is, of course, what econo- 
- mists have always been about. It is implied; for ex- 
ample, by Marshall: [3, p. 43] when he says, “The 
economist needs the three great intellectual faculties, 
perception, imagination and reason: and most of all 
he needs imagination, to put him on the track of 
those causes of visible events which are remote or lie 
below the surface, and of those effects of. visible 
causes which are remote or lie below the surface.” 
However, in practice we have tended to abstract 
from many of the dynamic and interdependent rela- 
` tionships of the real systems wè have studied. It is 
necessary to simplify the real system in order to 


understand it; the question is where you do draw the . 


line. 

At the same time I do not perceive ERA 
studies limited to particular methodologies. For 
example, formal mathematical modeling òr;simula- 
tion of the total system is not an essential identifying 
characteristic. Formal models need to be viewed as 
tools. It.is extremely unlikely that a subsector could 
be formally modeled as a complete system. We know 
very. little about vertical coordination processes in 
complex systems and need considerable work.on both 
methodology and analysis of empirical relationships 
before simulating total subsectors with formal models 
with the expectation of reliable and comprehensive 
prediction. Problems involving simplifying and un- 
realistic assumptions in mathematical modeling are 
well recognized. At the same time the systems models 
are valuable tools of analysis, and behavioral'systems 
-models are especially valuable as a framework for 
organizing research on a subsector. The model, of 
~ course; is no substitute for the imagination Marshall 
requires of an economist. 

We need to avoid viewing our human social sys- 
tems mechanistically, which may be implied i in for- 
mal computerized models. In my opinion, the 
mechanistic view derived from 18th and 19th century 
physics has had a negative effect on modern social 


sciences. This vision based upon Newtonian me-- 


chanics was of perfect and comprehensive prediction. 
Pierre Simon deLaplace [4, p. 27] proclaimed that a 
superhuman intelligence “which could know at a 
given moment all the forces by which nature is ani- 
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mated and the respective positions of the entities 
which compose it, would embrace in the same 
formula the movements of the largest bodies in the 
universe and those of the lightest atom, nothing 
would be uncertain for it, and the future, like the | 
past, would be present in its eyes.” Thus the future 


' was determined and science needed only to uncover 


the facts of the’system to predict it. Modern physics. 
has, of course, abandoned the idea of perfect and © 
comprehensive prediction. The uncertainty principle, 
formally expressed by Heisenberg in 1927 [4, p. 141], 
stated that “the kind of information which was as- 
sumed by classical physics as the prerequisite to 
exact prediction—i.e., the simultaneous knowledge 
of position and velocity—was impossible of attain- 
ment in microphysics. The relationship of the two 
variables is such that the more accurate we measure 
the one the less accurate we are able to measure the 
other. . . . In short, we can never be.certain of the 
future because we are never in fact quite sure of the . 
present.” ' 
These comments on modeling are meant as words 
of caution and not discouragement. Systems can be 
studied-at many different levels of aggregation and 
provide useful results. Systems models depend upon 
the grubby empirical work of finding out how par- 


` ticular parts of the system work, within the limits 


of our comprehension. I am concerned when it is 
implied that the model can substitute for empirical 
understanding. 

Is subsector analysis a normative and/or positive 
tool of analysis? To the extent that economic analy- 
sis can be positive science, then subsector analysis - 
could be positive analysis. Certainly an effort would 
be made to describe the relationships which exist in 
the subsector as objectively as possible. However, I 
view economics as primarily a normative science. 
I would expect that subsector studies would be 
undertaken with the objective of improving the per- 
formance of the subsector, if through no other means 
than providing participants with an improved under- 
standing of the system in which they operate. 

An interesting aside is the question of the possi- 
bility of a positive science, if by that is meant one 
that is value free or one which discovers objective 
knowledge without changing the world it studies. 
Boulding [1, p. 3] comments that “in the social sci- 
ences of course the generalized Heisenberg principle 
predominates because knowledge of the social sci- 
ences is an essential part of the social system itself, 
hence objectivity in the sense of investigating a 
world which is unchanged by investigation of it is 
an absurdity.” : 

Research, to be of most use, should be prescriptive 
in the sense of identifying changes in practices or 
reforms in institutional arrangements which would 
improve performance and identifying for the deci- 
sion-making group the problems associated with 


_ accomplishing the reform. 


Here the role of the applied social scientist needs. 
to be understood. The social scientist is not neutral, 
and the publicly-supported applied economist has 
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an obligation to contribute to an understanding of 
the economic system and to contribute to a better 
use of this understanding in devising policy. 

The social scientist does not solve problems but 
contributes to their solution through providing in- 
formation and rational evaluattons—assessments of 
probable consequences of alternative courses of ac- 
tion—within the context of legitimate political 
processes. To participate in this process is not the 
same as substituting the judgment of social scientists 
for those in authority and responsible for allocative 
and regulatory decisions. However, the fact that the 
researcher is not in authority does not release him 
from the responsibility to provide conclusions and 
recommendations within his competence. Both the 
selection of alternatives for analysis and the recom- 
mendations involve value judgments. 

What are the results used for and who would use 
them? Findings of subsector studies ought to be 
presented so that they are useful in making both pub- 
lic and private decisions involving the subsector. 
Comprehensive information on a subsector, identify- 
ing trends, forces for change, unexploited economic 
opportunities, anticipated problems, and perfor- 
mance evaluation, etc., would be of value to all sub- 
sector participants in positions requiring decisions 
about investments, exchange arrangements, and 
regulations, etc. 

Let me ask one last, important question. What are 
the implications of subsector studies for the organiza- 
tion of research effort? More than anything else I see 
the subsector as a framework around which to or- 
ganize effective research concerned with the modern 
complex industrialized food and fiber sector. I believe 
the performance of the food and fiber sector is im- 
portant to our well-being and that publicly sup- 
ported agricultural economists have an obligation to 
contribute to the improved performance of the 
sector. 

Meaningful subsector studies will require coordi- 
nated research efforts. In agricultural economics our 
methodological work has been cumulative, but our 
empirical work has tended to be fragmented in such 
a way that large numbers of studies dealing with a 
particular food subsector cannot be integrated to 
provide systematic understanding of that subsector. 
The issue is not simply one of addition of research 
effort, but more importantly, the relevance of the 
research. Many important issues in the modern food 
system require concentrations of effort much greater 
than the typical half man-year per year research 
projects if the results are to be timely and useful. 
Small uncoordinated projects simply do not provide 
information which is as relevant to the important 
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problems as could be true with coordinated efforts. 
It is a matter of opportunity costs. 

Subsector research will require coordinated pro- 
grams of research. I believe the idea of a task force 
is appropriate. The task force puts people of different 
skills together on a temporary basis to achieve spe- 
cific goals. We need to learn how to institute these 
task forces by concentrating funds and providing 
incentives for coordinated efforts. In the North 
Central Region we have been discussing remodeling 
our regional research. One proposal is that additional 
monies be allocated to organize consortiums of state 
and USDA economists. The consortium would have 
a full-time executive director who would have au- 
thority and budget to coordinate the program of 
research. 

I am not implying that all research on a subsector 
needs to be under a single director or committee. 
However, if a critical mass could be initially con- 
centrated on a subsector study providing an essential 
core of research plus a careful definition of needed 
research, then I believe contributing projects by 
independent researchers could be attracted and inte- 
grated into the research. In this case even elementary 
systems modeling would be useful as a technique for 
organizing the research and indicating areas of 
needed research. 

Problems in coordinating research are substantial, 
and I do not want to minimize them. Among the 
many problems is the idea that creative research 
must be performed by a scientist working inde- 
pendently. I believe this is a myth. The questions 
and issues involved in structuring research organiza- 
tion and coordination deserve much more attention 
than we have given them.? 

We need to study our research organization as a 
system just as I have argued for such studies of sub- 
sectors. The essential question is one of vertical 
coordination—how do we relate the output of one 
research activity to another to improve the perfor- 
mance of the research enterprise? We do not have the 
equivalent of a price system coordinating much of the 
research although there is a system of incentives 
relative to research activities. Clearly much of the 
research must be organized administratively. We 
need to study alternative organizational structures 
and incentives and use the insights available from 
other fields such as the theory of information systems. 

JAMES DUNCAN SHAFFER 
Michigan State University 


1 Any system of organization needs to recognize that some 
researchers work best and others work not as well at all as 
independent scholars. 
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ON THE ATTITUDE OF A PROFESSION* 


I’m tired of philosophers, 
Of critics without cause. 
I dread the daily eulogy 
With B.A.E. applause. 


Introspective analysers, 

- Prophets of our doom. 
Your verbose words of black and gray 
Would fill a concert room. 


In each succeeding year you seem 
To find another way, 

To tell us that our relevance 

Has somehow gone astray. 


I’m tired of reading without end, 
“Our data base is bad.” 

or, “We failed another time, my boy, 
Our plight is really sad.” 


I’m tired, you see, of issues 

I must research today, 

While you but glorify the past 
And cut not any hay. 


You formulate the concepts. 
* This poem was written as my reaction to the seminar 


papers of the 1972 AAEA Meeting in Florida and to the 
speakers at the ERS Conference in November 1972. 


And policy is fine. 
But when it comes to grunt work, 
You wouldn’t waste your time. 


I think it time we heard the call 

Of Pollyanna dear. 

The sweet and clarion voice that says, 
“Our way is straight and clear.” 


O, Polly tell us, is it true 
There just might be a way 
To make a good decision 
On what we have today? 


Can we not move ahead 

And solve the problems at our hand, 
And reach ahead and Jook for more 
Without the mourners’ band? 


The past was great, but better still, 

Are the workers of today. 

The people who will grunt 

And groan, but mow that swath of hay. 


Philosophers are great, my friends, 
But I would rather heed, 
The man who works to meet the end, 
Who fills the pressing need. 
ROBERT D. REINSEL 
Economic Research Service, USDA 


AAEA EDUCATION WORKSHOP: COMMENT* 


The empbasis of the AAEA education workshop 
held in Gainesville, Florida during August 23-25, 
1972, was on “ . . . Defining Goals, Developing Cur- 
ricula, and Improving Instruction,” as indicated by 
the preceding excerpt from the workshop’s title. The 
opening sessions provided a foundation for the dis- 
_ cussion of innovative curricula development. Atten- 
tion was focused on the bleak professional oppor- 
tunities in traditional teaching and research roles 
and on thought-provoking alternatives for pioneer- 
. ing roles. However, it was disappointing to observe 
that many academicians viewed much of the sluggish 
demand for teachers and researchers as a “‘buyer’s” 
problem. Also, attempts to identify and evaluate the 
merits of potentially innovative curricula or degree 
programs were presented in open session but for the 
most part were missing in group discussion. The ex- 
tent to which the expertise of an invited provocateur 
and educator was negated—largely by disclaimers as 


* Editors Note: The major papers from the 1972 
AAEA Education Workshop will be published as a special 
Supplement to the November 1973 issue of this Journal. 


to the worth of instruction within the departments of 
other disciplines and by claims of equal achievement 
from the purchase of a few dollars of instructional 
aids—was dismaying. 

Four factors which could open the profession to 
greater achievement were recognized during the meet- 
ing: (1) the profession is now one of applied eco- 
nomics, which increases our opportunities to cover 
problem areas other than agriculture; (2) improve- 
ment in communicating knowledge possessed by 
members to other members, to students, and to the 
public is one of the greatest opportunities facing the 
profession; (3) there are benefits to be encountered 
in developing alternative means of measuring the 
achievement level of degree recipients, in lieu of time 
in residence and total credit hours; and (4) oppor- 
tunities for newly entering members of the profession 
who show great flexibility are unlimited, given both 
the varied and the changing nature of the work per- 
formed by professional members. No claim is made 
that these points were generally agreed upon; in fact, 
it was the limited recognition of these as areas of op- 
portunity rather than as problems that was so dis- 
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turbing. To illustrate our reaction to one such limited 
response, we pose a question to the economists who 
judged it to be the “buyer’s” problem that current 
graduates are being considered unsuitable for vital 
roles in our increasingly important junior colleges. 
We wonder whether they would make the same diag- 
nosis to producers turning out unusable units of an 
already surplus commodity? 

Business and government participants in the work- 
shop had the difficult task of exploring educational 
goals and curricular development which could poten- 
tially lead to a significant improvement in some of the 
ills of the profession. They believed that economists 
in business and government must be capable of an- 
alyzing varied aspects of a spectrum of problems 
much broader than agriculture and must be able and 
willing to quickly analyze urgent issues. Statement 
of these views led to suggestions that strong training 
in economic theory and quantitative methods is 
necessary. The need to appreciate and understand 
other social sciences and the humanities and to de- 
velop communication skills was discussed, but pro- 
posals for achieving these traits were narrow in scope. 
Causes for this parochialism would appear to be a 
recognition that these subjects cannot be effectively 
taught within agricultural economics departments, 
and a lack of appreciation of coursework in other 
departments. Yet knowledge in the humanities can 
greatly complement the theoretical and quantitative 
training of business and government economists. 
Increasingly, the urgent aspects of problems which 
business and government economists must analyze 
involve social issues. Identification and measurement 
of nonmonetary variables is a necessity, but the 
training of the typical economist has not adequately 
prepared him for such tasks. 

Doctoral programs cannot reasonably be expected 
to provide candidates with adequate exposure to the 
humanities, mathematics, economic theory, and re- 
search applications. An alternative is to recruit 
doctoral students who have previously attained the 
necessary level of sophistication either in the hu- 
manities or in quantitative training. The complemen- 
tary effect of the previous training of these students 
and the increase in amount of time they could devote 
to the principles and applications of economics could 
lead to the emergence of surprisingly superior econo- 
mists from present departments, reflecting hybrid- 
vigor. 

Active recruitment of students from other disci- 
plines could be a means of widening the perspective 
of the profession. The profession could benefit from a 
representation of the views and problems of all seg- 
ments of society affected by programs, policies, and 
adjustments related to agriculture. The inclusion of 
women and non-Caucasian males at gatherings of 
professionals, including education workshops, would 
seem to be essential to developing such representa- 
tion. The effect of their absence can often be detected 
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in the agenda topics, in the discussions, and in the 
conclusions of the meetings and workshops. The fact 
that most profession members have agricultural 
backgrounds and training is a compounding factor. 
An appropriate question for an education workshop 
may be, “Why is the population base from which 
this profession draws most of its membership so 
small?” 

The need for alternatives to the dissertation as a 


- measure of professional competence was pointed out 


by both business and government representatives. 
Common concerns causing them to propose a discus- 
sion of alternatives are that the dissertation experi- 
ence tends to be a one time occurrence and that 
research presented within the thesis format is often 
not read even by economists, the intended audience. 
Professional economists are not the principal audi- 
ence addressed by business and government econo- 
mists. Even if they find time to rewrite their thesis 
research into a form comprehensible to the public and 
to the policymakers, or even to the professional jour- 
nals, itis likely to be out of date by then. This revered 
institution need not be a “sacred cow” and termed a 
closed subject. There are possibilities for change. 
Some universities permit published articles to be 
substituted for the thesis; this could create increased 
flexibility for agricultural economics departments. 

This alternative to the thesis is consistent with 
two of the four previously mentioned areas of oppor- 
tunity on which workshop participants generally 
seem to have agreed—that the awarding of a degree 
should reflect a level of attainment rather than serve 
as an initiation over a specified obstacle course, and 
that economists, in general, can improve their effec- 
tiveness by developing communication skills. 

In addition to training the intellect, a point of dis- 
tinction was made regarding the attitudinal and be- 
havioral training required to make team research 
complementary to individual research. Team re- 
search can have the synergistic effect of resulting in 
something more valuable than the sum of the parts. 
Competent team members may need a different set 
of attitudes and behavioral patterns than those of an 
individual researcher. These differences may appear 
semantic and subtle; however, they do exist as a 
change in emphasis. Present thesis projects and re- 
ward systems concentrate on individual efforts; 
many business and government efforts would im- 
prove with the team approach. Flexible reward sys- 
tems within the profession must be developed to 
recognize contributions of individuals even though 
the end product—research report, newspaper article, 
or position paper—is composed of an amalgamation 
of contributions. The principles of specialization and 
division of labor are applicable to the field of 
economics. 


Rocer P. STRICKLAND AND THEO. F. MORIAK 
Economic Research Service, USDA 
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EVALUATION OF THE AAEA AWARDS PROGRAM: FINAL REPORT* 


Through the years the Awards Program has been 
marked with numerous additions and few deletions. 
Judging criteria for research awards have been re- 
vised to reflect more emphasis on substance relative 
to method, though without slighting the latter. Pro- 
gram changes have generally reflected a response to 
Association perceptions of the directional changes in 
interests of its members. The overwhelming commit- 
ment of members to research is reflected in a large 
research component in the Awards Program. This 
was recognized in the last formal evaluation of the 
program [4], where the number and kinds of awards 
were generally accepted. Since that evaluation, addi- 
tions have been made in teaching and extension 
categories. These additions reflect changing values 
among Association members in what they feel needs 
emphasis in rewards systems. 

Meanwhile the program has been questioned on 
grounds of cost [1], judging criteria [2, 5], and reli- 
ability in the judging process [3]. Indeed there is 
vocal support for eliminating the Awards Program 
entirely. Although the extent of the support is un- 
known, clearly it is timely that the program be 
evaluated. 

The element of cost can hardly be ignored.-As 
Castle has shown [1], the large costs are incurred in 
the time taken to manage the program and judge the 
entries. The hours logged are, of course, formidable. 
Grove [5] has suggested an added cost: the negative 
effects on contenders who do not win. Part of the 
cash costs are offset by contributions that might de- 
pend partly on continuation of the program. Pro- 
fessional time spent judging entries is at least par- 
tially rewarded by communicative values received 
by the judges (and likely a large number of persons 
whose names never appear in any committee mem- 
bership). Evaluation of product quality, professional 
development, and recognition of professional achieve- 
ment are defensible in any profession. The real ques- 
tions may relate to the propriety of an Awards Pro- 
gram as a technique for performing the functions. 
If the program is found relevant, how well is it per- 
forming? 

In various statements, little attention has been 
paid to returns to the Association from the program. 
There is little doubt that the program has produced 
responses affecting the quality of education and re- 
search programs in some institutions. Cues for pro- 
fessional change can be gleaned from activities that 
win awards. The current shift from methodology to 


* Prepared by C. B. Baker, General Chairman, AAEA 
Awards Committees, with assistance from John Goodwin, 
R. W. Herdt, J. C. Purcell, James Seagraves, and Jean 
Wyckoff, current committee chairmen; from J. O. Gerald, 
John Malone, Gene McMurtry, and Eldon Weeks, past 
committee chairmen who participated in the evaluation 
~ process; and from B. F. Stanton, incoming General Chair- 
man, who participated in the final stages of the review. 


substance, in relative emphasis, is a case in point. 
The shift from commercial agriculture to rural de- 
velopment and environmental resources is reflected 
in awards. So also is emphasis given within recent 
decades to foreign economic development. Recent 
and proposed changes focus more attention on educa- 
tion relative to research programs. Others could be 
mentioned. Hence the communicative value of the 
program needs to be taken into account in sugges- 
tions for change in content and management. Are the 
categories of awards appropriate? Is the program 
managed to yield substantive visibility for the 
Association? Is it organized to be sufficiently respon- 
sive to changing needs? 


Categories of Awards 


To many the number of awards seems excessive 
and perhaps the number of categories as well. Others 
may argue that differentiation of activities of agri- 
cultural economists has not been sufficient to provide 
for meaningful comparisons of contributions. At 
present, all awards are made to persons. Yet in some 
current categories, and in categories that might be 
considered, the person may be less relevant as an 
award recipient than is an institution. An award 
may be for an activity that is inherently team- 
focused rather than individually—focused. Curricula 
developments and several types of extension activi- 
ties seem relevant here. Glenn Johnson’s suggested 
award for “multidisciplinary programs” might also 
be a case in point [6]. For example, should an award 
be considered for administrative contributions? 

Finally, and with special reference to Masters pro- 
grams, is the matter of teachers for the 230 or so post— 
high school units that offer work in “agriculture” 
and/or “‘economics.”” Do we know the requirements 
for success for a teacher in this environment? Can 
they be met ina suitably designed Masters program? 
And again, could the Awards Program be used as a 
vehicle to reward innovations that are desirable in 
this area? The units here are so diverse in scope and 
orientation that the prerequisites may defy simple 
or single-valued conceptions. They vary from voca- 
tional orientations to “liberal arts”—from programs 
to equip students with marketable skills to programs 
that provide students with an appreciation and un- 
derstanding of the role of agriculture in the economy 
of the nation and world, or the role of economics in 
the performance of agriculture. 

We have nothing comparable to the farm-centered 
extension programs that would link us to farm- 
related firms in factor and product markets, to the 
decision—making bodies that manage communities 
and regional agencies, or to the non-Land Grant edu- 
cational units. These gaps in the scope and function 
of our establishment deny us an “image” in the 
minds of prospective employers. But more impor- 
tantly, they also deny us a “feedback” mechanism so 
necessary to the development of educational pro- 
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grams relevant to these markets. Can the Associa- 
tion Awards Program be used as one instrument to 
make a useful contribution? 


Awards Management 


Have we made the proper decisions with respect 
to cash awards? There is considerable support for 
eliminating cash awards for nonstudents. But was it 
advisable to reduce awards for Doctoral dissertations 
to the level of awards for Masters theses? What 
about raising the latter to the previous level of the 
former? 

Are there other means that would add visibility 
to recipients and to the award-winning activities? 
An example would be time set aside at our annual 
conference for a demonstration of the teaching pro- 
gram or the extension program that has won an 
award, a summary of results from the research award 
winners, etc. Could award winners, especially in 
teaching and extension categories, constitute a 
panel of consultants that could be drawn upon with 
the help of outside financial support? The key here 
is to find a way to improve on the professional en- 
richment provided by the program, in whatever form 
it should survive. 


Program Management 


Contest entries are judged almost entirely by 
peers. Researchers are selected for committees on 
theses and published research. Teachers are selected 
for teaching awards. Extension personnel judge ex- 
tension entries. Should the entries be evaluated 
solely by peer evaluators? Extension and teaching 
personnel might add relevance to judgments of re- 
search committees. They are the primary “‘users” of 
many research results. Researchers might add rigor 
to comparisons among teaching and extension en- 
tries. Could nonacademics be usefully added to all? 
We do use them, sparingly, in the current Published 
Research Committee. A small start has been made to 
use extension personnel as well. Such changes might 
give substance to one of Johnson’s suggestions [6]: 
“to give relatively more recognition to practical pre- 
scriptive research.” They will add to the problems of 
reaching consensus, already substantial enough [3]! 

Current selections for judging committees are 
made by the Association President, in consultation 
with the General Chairman of the Awards Commit- 
tees. In turn, the latter solicits suggestions from in- 
dividual committee chairmen. No fixed rules exist 
for tenure on committees. There is a general attempt 
to limit membership to three years. The chairman of 
a committee, however, frequently has a longer total 
tenure. He may have served two or three years as a 
member before he accepts the chairman obligations 
and then serve for a year or two as chairman. The 
Evaluation Committee discussed these issues with- 
out arriving at a recommendation for improvement. 


Responsiveness to Change 


The Awards Program has been responsive to 
change. The French Committee [4] found a high de- 
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gree of consistency in awards categories and profes- 
sional commitment, for that time. Subsequent changes 
have reflected the growing relative importance asso- 
ciated with teaching and extension activities. In the 
decades of the 1950’s and 1960’s, the program re- 
flected the prevailing emphasis on research methods. 
It is responding to the current call for substance in 
research. Given the informal character of any feed- 
back and the other preoccupations of program man- 
agers, the responsiveness of the program is little 
short of remarkable. 

The Awards Program is retarded in its responses 
by a mechanical problem. “Announcements” pub- 
lished in November govern the contests for the fol- 
lowing year. Copy for “Announcements” are due to 
the editor no later than August 1. The Association 
meets later in August, too late to provide a chance to 
communicate with Committee personnel or with the 
Executive Board of the Association. The problem is 
aggravated further by the fact that the Board meets 
before the Association meetings, thus precluding a 
chance for Committee members to convene before 
the Board does. 


Recommendations 
1. Awards 


1.1 Continuation of two awards for excellence 
in undergraduate teaching: one for the teacher 
with ten years or less experience; one for the 
teacher with more than ten years experience. 

1.2 Two awards for excellence in extension edu- 
cation: one for the individual with ten years 
or less experience; one for the individual with 
more than ten years experience. 

1.3 Awards not to exceed four and in cash value 
not to exceed $250 per person and $750 per 
level for excellence in graduate student per- 
formance at each of two levels: 

1.31 Masters programs, based on evidence 
supplied in theses or comparable docu- 
ments. 

1.32 Doctoral programs, based on evidence 
supplied in doctoral dissertations. 

1.4 Awards not to exceed five, for publications: 
1.41 Not to exceed two for publications 

judged for their quality of discovery 
(theory, method, related scholarship). 

1.42 One or two for publications judged for 
their quality of communication (class- 
room or other). 

1.43 One for the publication aged more than 
four but less than eleven years, judged 
for the enduring quality of its profes- 
sional contribution. 


2. Awards management 


2.1 In the Program Brochure, provided at the 
Annual Awards Program, the name and entry 
be listed for all entries accepted for judging, 
except in the publications categories. 
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2.2 


2.3 


2.4 


2.5 


2.6 


3.1 


3.2 


3.3 
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In an exhibit booth at the Annual meeting, 
the nominating (and other relevant) materials 
be dìsplayed for all award winners. 

The awards be presented in a program sepa- 
rate from the Fellows lecture. 

Coordination be developed to lessen the time 
used in making undergraduate awards and to 
add to the dignity of the total Awards Pro- 
gram. 

Provide in the Annual meeting of the Associa- 
tion for two sessions déaling with teaching 
and extension, organized by the chairmen of 
the respective Awards Committees but led 
by award winners. 

Constitute a panel comprised of teaching and 
extension winners available for interstate 
visits with financial support for travel and 
communication sought from outside funding 
agencies—perhaps on a cost-sharing basis. 


. Program management 


No major change with respect to awards indi- 
cated in 1.1 and 1.3. 

With respect to awards indicated in 1.2, the 
current judging committee would select two 
winners instead of one. Administration of ef- 
fective programs and publications would still 
carry weight in the selection of individuals to 
be honored. However, specific reference to 
“extension publications” would be discon- 
tinued in favor of publications generally con- 
sidered for communicative value. (See 1.42, 
above; 3.3, below.) 

For awards indicated in 1.41 and 1.42: a Pub- 
lication Awards Committee of sixteen mem- 
bers be selected, eight each in subcommittees 
coordinated by a single chairman. In one of 
the subcommittees, members would be se- 
lected for their judgment in the quality of 
discovery. In the other, the members would 
be selected for their judgment in the quality 
of communication. The nominator of a cur- 
rent publication entry would be required to 
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identify the quality on which the entry is to 
be judged. The entry would be judged by the 
subcommittee thus identified. Nine copies of 
each publication would be required for each 
nomination. 


3.4 For the award indicated in 1.43, a committee 


of nine members (including the chairman) 
would be named to evaluate entries that in- 
clude but are not restricted to those nomi- 
nated by members of the Association on the 
ballot used to nominate Association Fellows. 
Eligible entries are restricted to (1) articles 
in AJAE (or JFE, as applicable), whether or 
not the author(s) is (are) Association mem- 
ber(s); and (2) publications by author(s) who, 
at the time of publication was (were) mem- 
ber(s) of the Association, regardless of the 
journal or other medium in which the entry 
was published. Nominations of entries must 
include a statement on the basis claimed for 
the enduring quality. It is recommended that 
membership on this committee be restricted 
to no more than three years, 


4. Program modification 


4.4 


4.2 
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Summer meeting. 
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SACRED COWS: COMMENT 


The recent attempt to define the beneficial effects 
of one group of Sacred Cows and the destructive 
effects of another [13] fails to define the basic prob- 
lems giving rise to these effects; thus misleading im- 
plications may arise when we examine market effects 
governing the management of livestock in the econ- 
omies under question. Discussion of three points may 
help to clear up the problem: what were the compo- 
nents and conclusions of the Indian controversy; of 
what importance is this research to the LDC’s in 
general; and what implications are apparent for the 
United States livestock industry. 

Regarding the first point, Perelman’s comments 
on the sacred cow controversy in India follow a now 
familiar pattern as we continue to learn of the com- 
plexities of economic—cultural systems in the LDC’s. 
First, cursory observations of apparent irrationalities 
in economic behavior lead to statements condemning 
the various causes of the misallocation, in the case 
under consideration, the doctrine of ahisma' and its 
supposed function of maintaining excess numbers of 
unproductive cattle. Harris (7, p. 51] states this 
aspect of the problem: “. . . many agree that ahisma 
is a prime example of how men will diminish their 
material welfare to obtain spiritual satisfaction in 
obedience to nonrational or frankly irrational beliefs.” 

Second, closer observation and study of the prob- 
lem opens new possibilities for explanations of ob- 
served behavior. Analysis is then applied and we 
find what the anthropologists may have told us in 
the first place, i.e., “If you get the cognitive map of 
the people and see its operation in the total context 
of the human and environmental setting, then what 
at first seemed bizarre is likely to turn out to be 
rational” [11, p. 205]. > 

It is the economic analysis of the problem which I 
feel Perelman glosses over. Contrary to his condem- 
nation of economists for their superficial treatment 
of the problem, a careful reading of the literature 
would have revealed a number of studies on the prob- 
lem [2, 3, 4, 10, 14, 15, 16] with the concensus being 
that rational adjustments of bovine stocks do take 
place and, while some improvements are certainly 
possible, large stock adjustments would not be feasi- 
ble on either efficiency or equity grounds [9, 14]. 

In summary, analyses have shown that demo- 
graphic characteristics of the bovine population indi- 
cated stock adjustment processes were occurring in 
response to regional economic conditions. The pres- 
ent form of adjustment is neglect and eventual 
starvation [3]. This is simply an alternative to the 
population adjustment procedure used in most areas 
of the world (the slaughterhouse). Merely substi- 
tuting one form of adjustment procedure for the 
other, while no doubt causing some economic and 


1 The doctrine of ahisma is the Hindu principle of the 
unity of life. : 


distributional effects, would result in limited changes 
in animal numbers or herd compositions, and 
“ ... any significant reduction of the bovine popu- 
lation in the country might be difficult to achieve 
without major technological and institutional 
changes in agriculture” [15, p. 32]. 

Regarding the second point—the relevance of this 
research to other LDC’s—the examination of the 
surplus cattle question has led to some in-depth work 
on a major, and in some cases ihe major capital asset 
of most peasant farmers, their bovines. Two con- 
clusions were evident: the complexities inherent in 
analyzing bovine complexes in the LDC’s have again 
been illustrated,? and the crucial importance of 
demographic characteristics of animal populations 
as an analytical tool was emphasized. While most 
bovine production-utilization systems are not as 
complex as India’s, the fact remains that multiple 
roles constitute the rule rather than the exception 
[5, 6, 17, 18]. Given this multiplicity of functions, 
it is little wonder that special significance is often 
attached to bovines; slaughtering regulations as a 
means of avoiding.the depletion of animal stocks to 
reap short term gains is not unique to India? 

The third point concerns the utility of the above 
discussion for the sacred cow of the United States 
and the U. S.’s highly visible feedlot economy. Here 
Perelman fails to treat the problem in its proper con- 
text which is simply one manifestation of the enor- 
mous dependence of U. S. agriculture on fossil fuel 
subsidies in its energy chain [1, 12]. Although in the 
distant future the United States may be forced to 
emulate the bovine—-based mineral economy common 
to India and many other areas of the world, it would 
take an unprecedented short-term shift in the terms 
of trade against petroleum products to set the wheels 
in motion through the competitive market mech- 
anism. 

The alternative is making explicit the social costs* 
involved to encourage substitution and induced in- 
novation effects to reduce the social costs of feedlots. 
This leads to the next point: any policy to rectify the 
sacred cow of the feedlot system will, as in the case 
of India, lead to substantial income redistribution. 
This follows from the policy choices available, e.g., 


* A model developed by the author [5, pp. 129-130] for 
a simple system required three resources, two final products, 
two intermediate products, and two pairs of joint products. 
A model used by Raj [15, p. 3] for India treated cattle as 
producing four goods with 12 technological and price as- 
sumptions required to obtain some elementary results. 

? Thailand imposed regulations following World War II. 
Raj [14, p. 717] cites an example of regulations in the 1920's 
in China. 

4 Willard Cochrane once mentioned that he suggested a 
tax on manufactured fertilizer as a step towards equalizing 
its private and social costs when he was director of agricul- 
tural economics. He also said that a suggestion was as far 
as the idea was ever likely to become. 
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feedlot charges or fines, higher feedlot input prices 
through the increased mineral fertilizer prices neces- 
` sary to increase use of manure, or a direct payment 
to farmers to encourage their use of manure. 

The appropriate comparison, then, is between two 
bovine systems, each tending to be specialized but 
at opposite ends of the production spectrum—one 
system providing the basis of a mineral economy, the 
other aiding in the destruction of that economy. The 
fact that the United States was never in a position 
comparable with that of India makes comparisons 
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of little value in seeking solutions for these problems. 
So we are left with two nations, both with sacred 
cows, both maintaining a tenuous equilibrium with 
their environment, and both likely to stay there 
without major changes in both the institutional 
structures and resource availabilities which presently 
govern their agriculture. It is to the nature and possi- 
bilities of these changes that we must turn but for 
radically different reasons in the two countries. 

Jonn DE BOER 

University of Queensland, Australia 
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SACRED COWS: RESPONSE 


De Boer makes the charge that the U. S. and In- 
dian economies have never been comparable [4]. He 
is only partially correct. Genovese [7, p. 143] has 
written: 


. the [Ante-Bellum] South was confronted with a 
paradox: an abundance of livestock and an inadequate 
supply of meat and work animals. Contemporary agri- 
cultural writers were not unaware of this situation, and 
repeatedly called attention to it. 


For instance, the Reverend G. Lewis complained in 
1854 that Georgia cattle were “... objects of pity, 
not to be fed upon but to be fed. Left to shift for 
themselves all winter, their bones look and stare at 
you” [6, p. 201]. During the Civil War, Confederate 
-troops complained that the animals supplying them 
with beef had to be held upright for shooting 
[7, p. 116]. 


Like India, the South had strong economic motives 
for maintaining “Sacred Cows” in the Ante-Bellum 
period. The South was predominantly rural without 
the “more concentrated markets that might have 
encouraged animal husbandry on a large scale” 
[7, p. 116]. Moreover, “improvement of cattle 


breeds . . . [and] the development of adequate trans- 
portation facilities... [to transport the cattle to 
market]... involved heavy investment of capital, 


which the South [as well as India ] lacked” [7, p. 112]. 

Useful future comparisons can be made since pun- 
dits of the Green Revolution look to the time when 
the LDC’s will emulate the capital intensive tech- 
nology of U. S. agriculture. When that age comes, 
the Sacred Cow will live out his last days in the 
feedlot. 

Small-scale Indian agriculture is remarkably ef- 
ficient. This view is supported in that “historical 
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evidence suggests that [nonfarm agricultural] inputs 
tend to be in the magnitude of 3 percent of national 
income independently of time, place and level of per 
capita income” (5, p. 47]. Yet in India these inputs 
represented merely 1 percent of the 1963-64 net 
domestic product [5, p. 47]. 

To judge from this figure, Indian agriculture has 
apparently been badly starved of external inputs. 
The Indian economy would probably be more ra- 


tionally organized if the amount of external inputs: 


available to farmers increased, but mechanization 
would require too many of these, and the effect of the 
mechanization after the fashion of U. S. agriculture 
would be to starve other sectors of needed materials. 
For instance, if Indian agriculture were to spend as 
much for fuel as U. S. agriculture does, fuel costs 
would total 4 to 5 percent as much as India’s 1970 
National Product [5, p. 64]. If Indians also spent as 
much as U. S. farmers do for depreciation and repairs 
of farm machinery, these costs together with the cost 
of fuel would total more than 10 percent of India’s 
1970 National Product. 

Since India’s population is 2.5 times as large as the 
U. S. population, fuel and machinery costs would 
actually be equivalent to 25 percent of the 1970 
Indian National Product, assuming that the costs per 
capita were equivalent to comparable U. S. costs. 
With new technology we can expect the use of other 
sophisticated inputs. Fertilizer and pump sets alone 
are expected to consume well over 3 percent of 
India’s domestic product [5, p. 63]. These statistics 
show how inappropriate American agriculture is for 
India today. 

But the Indians are poor and Americans are rich. 
De Boer hits upon one key reason—the dependence 
of U. S. farmers on fossil fuels. Elsewhere I have cal- 
culated that U. S. farms require an average of more 


1 Nevertheless, Raj [11] as well as Bose and Clark [1, 2] 
have calculated that the Indian or Pakistani peasant is 
rational in choosing animal traction over mechanization. 
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than five calories of fossi) fuel energy for every 
calorie of food they/produce [10]. Later calculations 
indicate that this ratio may have been too modest 
[9]. Should the price of energy rise substantially, 
then U. S. farmers wil] have to learn from the 
“primitive” LDC’s where one input serves numerous 
needs. As De Boer points out, the multiplicity of 
functions is one of the most important characteris- 
tics of the Sacred Cow.? 

De Boer is correct that any adjustment in the 
price of energy sufficient to wipe out the advantages 
of mechanization would be unprecedented. He also 
points out that any alterations in our system through 
marginal tinkerings with prices are bound to be in- 
consequential. Given the only two alternatives which 
De Boer recognizes, the Sacred Cow is probably a 
rational adaptation. Even Karl Marx [8, p. 237], no 
great defender of the status quo, recognizes the truth 
in this position when he cited with approval a par- 
liamentary report from 1867: “While the peasant 
farmer starves, his cattle thrive... . The prescrip- 
tions of superstition, which appear cruel to the indi- 
vidual, are conservative for the community: and the 
preservation of the labouring cattle secures the 
power of cultivation, and the future sources of life 
and wealth.” 

Unfortunately De Boer overlooks a third alter- 
native; what is required is major technological and 
institutional change in agriculture as well as in the 
rest of society. These changes are required in India 
as well as at home so long as men are deprived of an 
opportunity for a decent life. 

MICHAEL A. PERELMAN 
California State University, Chico 


2 The multiplicity of functions which cattle serve around 
the world can be extended much further. Dung is also used 
for plaster and dressing for wounds; ashes from bones are 
used for mouth wash, tooth paste, and cosmetics; urine is 
used for washing, making cheese, and dressing skins (3, 
pp. 251-252]. 
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USES OF THE ARITHMETIC MEAN IN FARM POLICY 


“Average” has become a dirty word for agricul- 
tural economists in recent years. Somehow the 
“golden mean” of the ancient Romans has given way 
to a generalized ‘“‘meanophobia.” This is unfortunate 
because it has induced a frantic search for distribu- 
tions—by size or by geographic area but preferably 
both-~which for the most part are simply not avail- 
able.. 

This antipathy to averages was probably started 
by T. W. Schultz in 1945 when he proposed separate 
income accounting for “production and welfare” 
parities, with the latter requiring a size distribution 
of income instead of the usual “income parity” aver- 
ages on a per capita basis [9, 10]. Subsequent devel- 
opment of “economic size classes” of farms in the 
Census of Agriculture, based on the previously avail- 
able size distribution of value of farm products sold, 
was an added stimulus. In 1960 an “interregional” 
research project at Iowa State [4] suggested that 
‘parity income should be determined separately for 
“typical farms,” using the “cost and returns” data 
collected by ERS.! A “parity returns” formula was 
proposed, based on the ratio of farm returns to labor 
and management to returns to labor and manage- 
ment in other occupations. 

The Iowa State study made some sense because 
the “typical farms” were essentially averages of 
modal farms in specified areas. The main difficulty 
was that “cost and returns” data were available for 
only some types of farms and for only a fraction of 
the farms that had to be covered under the income 
parity formula. It was the misguided and floundering 
attempts to overcome this difficulty which led ERS 
and the USDA down the path of serious aberration, 
resulting in the fragmentation and final destruction 
of the income parity. concept. Latching on to the 
comparatively new “economic size classes” in the 
census, ERS treated them as homogeneous groups of 
farms—which they are not except in terms of value 
of sales [2]}—and applied the “parity returns” 
formula developed at Iowa State to each class sepa- 
rately [6]! The results were given to the National 
Advisory Commission on Food and Fiber, which 
promptly endorsed them [8], and to the Congress 
[13], which quietly rejected and buried them. 

The latter treatment was justified because the 
“parity returns” report to the Congress blandly as- 
serted, with no proof whatever—not even any dis- 

_ cussion—that a definition “in terms of averages for 
all farm operator families . . . is not a satisfactory 
approach to the problem of parity income” [13, p. 
'7]. This assertion, of course, flew directly in the face 
‘of the obvious fact that both price and income pari- 
ties have always been determined in terms of aver- 
ages. Having thus set themselves an unnecessarily 
difficult task, the authors of this report proceeded to 


1 For “commercial family—operated farms by type and 
location.” 


cook up, most circumspectly to be sure, a number of 
annual farm income size distributions so that each 
size Class of farms could have its own separate calcu- 
lation of parity returns. This was simply sloganeer- 
ing as a substitute for analysis. 

If it makes sense to calculate “parity returns” for 
each of the census size classes, as was done in the 
“parity returns” report, why should it not make just 
as much sense to have separate calculations for, say, 
100 value—of-sales groupings, or 1,000 such group- 
ings, or 100,000? Why, in fact, did the authors not 
array all of the nation’s farms according to the size 
of their gross value of sales, and then set up a re- 
quired “parity returns” ratio for each farm indi- 
vidually? It would be. perfectly logical, granted the 
original premises underlying the “parity returns” 
report. In reality that report simply showed that it is 
possible to carry the fear of averaging much too far. 
It does not seem so bad, really, if the alternative is 
squarely faced. Averaging is the essence of the parity 
concept because the homogeneous treatment of a 
heterogeneous people has been an important aspect 
of the American Dream. Why then should we change 
it for farmers? 

The arithmetic mean is always of some interest, 
even if the shape of a size distribution has changed. 
But if that shape has not changed, if the relative dis- 
tribution of farms by value of sales has not changed 
significantly, though rising steadily in its overall 
absolute level, then the arithmetic mean becomes a 
good measure of what is happening—the measure of 
choice.? - i 

The fact that “empirical size distributions seem to 
have an underlying stability across time and geo- 
graphic areas” [1, p. 87] was part of the “folk wis- 
dom” of old-time “agricultural economic statistic- 
ians.” Their more modern counterparts, the “new” 
agricultural econometricians, somehow lost this in- 
sight during the 1950’s and 1960’s. Citing the same 
old relative distribution of farms in terms of cumula- 
tive value-of-sales percentages, contrasted with 
cumulative number—of—farms ' percentages, these 
“new statisticians” expressed astonishment and dis- 
may, insisting without any justification that the 
situation they were describing was essentially a 
new one, with a quite unprecedented increase in the 
relative concentration of farm products sold in the 
larger farms.? 


2 Nevertheless, the “meanophobia”’ of agricultural econo- 
mists dies hard if at all. In 1970 Foote [3] used “Farm In- 
come Per Capita or Per Farm—A Meaningless Concept” 
as the heading for his Chapter VI 

3 This is what I was talking about in 1963 when I said 
that contrasts of this kind—e.g., the top 5 percent of the 
nation’s farms account for half of the total value of sales— 
“constitute the most overworked cliché in contemporary 
agricultural economics” [5, p. 284]. There have been no 
significant changes in these percentages, so their constant 
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This has always been nonsense, of course, but it 
was not until 1969 that ERS finally rediscovered, 
mirabile dictu, that “the relative size distribution 
among farms remains surprisingly constant” [12, p. 
2] as farms in general become fewer and larger. 
What should have been known intuitively was redis- 
covered only after laborious research [7], and this 
was supplemented by further research on the size 
distribution in terms of acreage, with the conclusion 
that “the percentage distribution of farms by size 
classes during 1935-64 remained relatively stable 
despite large increases in average size of farm” 
[1, p. 93]. 

But now comes one Con Taeuber of the Census 
Bureau [11], paying his routine respects to the 
“meanophobia” among agricultural economists,‘ and 
proposing $5,000 or more of sales as a new farm 
definition—one that would lop off a half or more of 
the farm income size distribution at its lower end! 
This would really change the shape of the distribu- 
tion, destroying all comparability with previous 
years, and making the arithmetic mean truly ‘“‘mean- 
ingless” for the first time. 

Small farm producers have always been a nuisance 





emphasis and repetition has been antithetical to a reasoned 
and common sense view of what has been happening in 
agriculture. In the context of an unchanging relative dis- 
tribution of farms, the dropping or disappearance of very 
small farms (it does not really matter which) is simply a 
form of concrete recognition of the growth in agriculture as 
a whole, consistent with growth of the national economy. 

í See the last two sentences of Taeuber’s needy 


paragraph [11, p. 360]. 
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to the data gathering agency,’ but Taeuber claims 
that “operational difficulties in identifying the units 
to be included in the universe are not the primary 
reasons for a review of the present definitions” [11, 
p. 361]. But what are these “primary reasons?” 
Taeuber does not say; he simply repeats the old 
clichés from ten years ago. If small farms were easy 
to identify and include in the census, would Taeuber 
still insist that they should be placed in a sort of 
statistical limbo? Should it not suffice, in fact, to` 
make such further modification in the definition of a 
farm as would continue to maintain a considerable 
degree of constancy in the relative size distribution 
of the value of farm products sold? Would not a cut- 
off point around $500 instead of $5,000 probably do 
that? 

At any rate, and regardless of how a farm is to be 
defined, the arithmetic mean needs to be rehabili- 
tated as a useful measure of central tendency. The 
current demand for size distributions and other 
kinds of detailed data systems has some merit, to be 
sure. The point simply is that, when this demand is 
not met, what information we have should not be 
declared meaningless and thrown away. So go ye, oh 
agricultural economists—and census demographers 
too—and demean no more the arithmetic mean as 
being meaningless. "Taint so. 

Ernest W. GROVE 
Agricultural Stabilization and 
Conservation Service, USDA 


5 Except perhaps in 1935 when the enumerators, in a 
kind of make-work project, found more farms than ever 
before or since. 
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Book Reviews 


Beckford, George L., Persistent Poverty, New 
York, Oxford University Press, 1972, xxvii + 
303 pp. ($7.50 cloth, $2.95 paper) 

“In our view, economists have been too much con- 
cerned with trying to explain the process of develop- 
ment without first trying to understand the nature of 
underdevelopment” (p. 196). In pursuit of this un- 
derstanding George Beckford makes a contribution 
to the growing body of Third World literature on 
political economy that is important on two levels: in 
terms of the data and analysis presented, and in 
terms of the author’s thought processes which it re- 
veals. 

The plantation system stands condemned, in his 
eyes, for the persistence of poverty in plantation 
economies. No amount of tinkering will set this 
“right. “. . . The plantation system must be destroyed 
if the people of plantation society are to secure eco- 
nomic, social, political, and psychological advance- 
ment” (p. 215). 

He identifies 33 separate plantation economies, 
which in number are concentrated in the Caribbean 
and Latin America but in terms of people involved 
have their dominant impact in Asia. In these econo- 
mies the plantations have the best land, can attract 
labor, and have access to credit. Peasant producers 
have the poorer or hilly lands, cannot compete with 
plantations for wage labor, and have little credit. 
Population growth puts great pressure on peasant 
- land resources and leads to peasant-plantation con- 
flict. A dualism results that polarizes, hardens and 
perpetuates the plantation structure. “The disinte- 
gration of the system cannot result from evolution- 
ary processes” (p. 44). 

Some of the most pertinent economic analysis con- 
cerns the inadequacy of contemporary economic the- 
ory when faced with the internal pricing policies of 
integrated plantation firms. The absence of market- 
determined prices at various stages of production 
and processing leads to “incalculability,” to use 
Lloyd Best’s term which Beckford borrows. The re- 
sult is a distorted set of price weights by which the 
importance of plantation activity is measured. Plan- 
tation output may be overvalued in relation to do- 
mestic food crop output while at the same time the 
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plantation sector of the integrated firm (sugar, ba- 
nanas, rubber) may be undervalued in relation to the 
contribution made to total company revenues by re- 
lated processing, transport, storage and marketing 
activities. 

Beckford presents data to show that in many in- 
ternational plantation corporations the capital in- 
vested in transport, storage and processing opera- 
tions far exceeds the capital involved in land .and 
plantation field crop enterprises. As a consequence, 
management is under pressure to keep its expensive 
ships, mills, and storage plants operating at capacity. 
Plantation field operations are thus dominated by de- 
cision rules that maximize output or throughput, 
rather than profits. And where profits are the goal, 
they are profits from the total plantation system and 
not from its land-based segments. Developing host 
countries are frequently the ones that suffer. A low 
price for sugar cane means a higher profit in cane 
processing. A low price for refined sugar means a 
higher profit in packaging and marketing. Where 
management rewards are based on physical output, 
the incentive structure in the plantation system en- 
courages operation of the plantation proper as a pro- 
ducers’ cooperative, with profits passed up the line to 
the metropolitan parent company by judicious inter- 
nal pricing and local political manipulation. 

It is a strong indictment, and one that would have 
been understood in the Dakotas at the turn of the 
century when similar charges. of oppression by rail- 
roads, millers, and Wall Street were the stuff on 
which the Populist movement was nourished. 

The analogy is apt, for it is Beckford’s aim to 
present an analysis that can generate Third World 
economic and political nationalism on the scale 
needed to overthrow the system. The plantation is 
presented as a foreign importation, forced on the 
blacks and coloreds of the Third World by dominant 
whites of the North Atlantic. In this version the 
plantation system may be a useful vehicle for mobi- 
lizing unrest, but we are left with some key unan- 
swered questions. There are poverty stricken parts of 
the world that have not known plantations. There 
are problems of one-crop economies that are inde- 
pendent of plantations. And there are post-reform 
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societies that have retained or reconstituted their 
own versions of absentee-controlled, labor-brigade 
structured agricultural firms that look very much 
like plantations but are not included in conventional 
listings. Beckford is quite right to emphasize the sig- 
nificance of Cuba in this context. The plantation has 
been retained under state control, guided by an ideol- 
ogy that is as foreign and North Atlantic in origin as 
any introduced by sea-captains in the 15th and 16th 
centuries. 

The book raises the right questions about planta- 
tion systems, but its impact is reduced by an attempt 
to construct world-wide coverage of an inadequate 
data base. It is best on the problems of sugar and 
bananas in Caribbean islands and enclave economies. 
Two appendixes include a useful survey of the rela- 
tive importance of plantations around the world and 
a description of management structures and chains 
of command in sample plantations. It is regrettable 
that the discussion of the plantation system in the 
U. S. South is based almost entirely on studies and 
data from the 1930’s. The monumental changes in the 
old U. S. plantation South since World War II are 
virtually ignored. This has deprived the book of an 
analytical thrust that could have strengthened its pre- 
scription for the future of plantation areas. 

Puitre M. Ravp 
University of Minnesota 


Boulding, Kenneth E., and Tapan Mukerjee, eds., 
Economic Imperialism, Ann Arbor, The Uni- 
versity of Michigan Press, 1972, xviii + 338 pp. 
($10.00 cloth, $3.95 paper) 

This book contains a collection of articles, with an 
introduction to the volume written by Boulding. The 
first half consists of eight articles on “concept and 
theory”; the lead-off article in this series is Hobson’s 
classic “The Economic Taproot of Imperialism,” 
originally published in 1902. Other articles follow 
more or less in chronological order, including a sec- 
tion from Schumpeter’s Imperialism and Soctal 
Classes, and concluding with “Notes on the Theory 
of Imperialism” by Baran and Sweezy. The second 
half of the book contains seven “case studies,” in- 
cluding several on British policy, the case of Japan, 
Russian imperialism, and concluding with Bronfen- 
brenner’s “Burdens and Benefits of Empire: Ameri- 
can Style.” The book contains a useful bibliography 
compiled by Mukerjee. These articles are quite inde- 
pendent and can be read in any order. However, for 
a person totally unfamiliar with this literature, it will 
certainly be helpful to read the concept and theory 
selections before the case studies. 

“Economic imperialism is a foreign policy that 
seeks political and economic control over backward 
areas to guarantee an outlet for idle savings and sur- 
plus manufactured goods in exchange for strategic 
raw materials” (Blaug, “Economic Imperialism Re- 
visited,” p. 143). As the book makes clear, much of 
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the debate over the years has focused on one basic 
question: Is the motive force undergirding imperial- 
ist policies economic or political in nature? In the 
Marx-Hobson-Lenin interpretation, it was entirely an 
economic phenomenon, especially the great push and 
competition for colonies among European powers 
after 1870. Yet according to Fieldhouse (“Imperial- 
ism: An Historiographical Revision,” p. 122), “The 
real break in the continuity of nineteenth century 
development—the rapid extension of ‘formal’ control 
over independent areas of Africa and the East-——was 
a specifically political phenomenon in origin, the out- 
come of fears and rivalries within Europe.” 

Another issue running through much of the incon- 
clusive argumentation in this literature is whether or 
not imperialism was actually economically beneficial 
to the “Center.” Hobson himself believed that the 
gains from imperialism were a delusion. It is noted 
by Boulding and others that the abandonment of em- 
pire has often been followed (post Second World 
War) by substantial increases in the rate of eco- 
nomic growth. Some, on the other hand, argue that 
while neither governments nor national economies 
may have benefitted, profits of empire did accrue to 
specific groups within the imperialist country. And 
these groups—the capitalists, the industrialists, and 
the bankers—control the levers of political power. 
But this still begs the question: Why were empires 
dismantled even when these groups retained their 
power? In the current debate, an answer to this 
question is offered in the form of the mechanisms of 
“Neo-Imperialism.” “Neo-imperialism does not de- 
pend upon formal political domination. It can be im- 
plemented through International organizations such 
as the International monetary fund which may act as 
the colonial administration entrusted with the re- 
sponsibility of enforcing the rules of the game” (edi- 
tors’ forward to Balogh’s “The Mechanism of Neo- 
Imperialism,” p. 275). 

“The word ‘imperialism’ is one of those linguistic 
casualties which has been drained of much of its in- 
tellectual content by its use as an arouser of emotion 
in propaganda battles” (Boulding, p. ix). Such a 
word, “which can be used to describe almost any- 
thing which the author does not like, tends also to 
become imperialistic and to claim areas of the social 
system far beyond its original meaning” (Boulding, 
p. x). Schumpeter, writing in the second decade of 
this century, said much the same thing: “The word 
‘imperialism’ has been abused as a slogan to the 
point where it threatens to lose all meaning .. .” 
(Schumpeter, “On Imperialism,” p. 36). How did its 
meaning become so distorted? Apparently, according 
to Whitney (“Russian Imperialism Today”), by the 
communists who endowed the word “with a special 
meaning.” “One obvious advantage of the Lenin defi- 
nition of ‘imperialism’ [“the monopolistic stage of 
capitalism”] .. . is that it obviously can only apply 
to the ‘dirty capitalists’ and never to communists” 
(p. 266). 
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The above points (and quotations) are not in- 
tended as a criticism of the book. They are meant to 
highlight a bit of the flavor of what is actually an 
excellent collection of articles. It is refreshing to 
read some of the older, theoretical pieces. They con- 
vey a sense of history and politics as well as insights 
which are usually lacking in today’s literature from 
the left. 

The one disappointment I felt after reading this 
collection was that there is scarcely a mention of the 
multinational corporation. Only Baran and Sweezy 
deal with this issue directly, and on a very general 
level, while Balogh makes indirect reference to it in 
discussing various neo-imperialist mechanisms. Sev- 
eral good analytical pieces of specific cases (such as 
ITT) would add an important element. Despite this 
weakness, however, bringing this group of articles to- 
gether under one cover is an important contribution. 
It should be of great interest to students of eco- 
nomic history and development. 

PETER DORNER 
University of Wisconsin 


Carnoy, Martin, Industrialization in a Latin Amer- 
ican Common Market, Washington, D.C., The 
Brookings Institution, 1972, xxv + 267 pp. 
($8.95) 

Yudelman, Montague, and Frederic Howard, Agri- 
cultural Development and Economic Integration 
in Latin America, London, George Allen and 
Unwin Ltd, 1970, 336 pp. ($16.25) 

These two studies, with contrasting styles and ana- 
lytical approaches, are efforts to foster greater un- 
derstanding of the issues faced in achieving Latin 
American economic integration. The volume pre- 
pared by Martin Carnoy presents the results of an 
empirical investigation of the potential welfare gains 
to members of the Latin American Free Trade Asso- 
ciation (LAFTA) from regional industrial produc- 
tion, compared with producing nationally or import- 
ing from the U. S. Montague Yudelman, in a more 
discursive and avowedly broad-brush manner, strives 
to delimit the major problems and advantages of in- 
tegration of the agricultural sectors of LAFTA’s 
member countries. 

The theoretical arguments underlying Latin Amer- 
ican economic integration seldom have been but- 
tressed by sound empirical analysis. Unfortunately, 
these studies, designed to help fill this need, arrive at 
a time when U. S. interest in Latin American eco- 
nomic development has dipped and when other con- 
cerns of LAFTA countries have slowed progress to- 
ward achieving regional Integration. Even so, the 
need remains for serious analysis of the problems 
and potential of a coordinated regional approach to 
industrial and agricultural development. To this end, 
these two books are a welcome addition to the mate- 
rials available on the subject. 

The book prepared by Martin Carnoy, Industrial- 
ization in a Latin American Common Market, is im- 
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portant not only for the substantive results reported, ‘ 
but for the manner in which the research was con- 
ducted. Since 1963, under the able leadership of Jo- 
seph Grunwald, a number of major economic re- 
search institutions in Latin America have joined 
forces with the Brookings Institution to undertake 
research on Latin American economic integration. 
This collaborative effort is known as ECIEL, the ac- 
ronym for its Spanish name, Estudios Conjuntos so- 
bre Integración Económica Latinoamericana. This 
book presents the results of the first study under- 
taken by ECIEL, which, under the technical coordi- 
nation of Carnoy, involved the participation of staff 
members of 11 Latin American institutions (from 10 
countries) and the Brookings Institution, 

The specific objective of this project was to deter- 
mine, on the basis of economic considerations alone, 
the optimum size and location of plants in selected 
industries within a regional] common market in 1975, 
and to estimate the potential benefits from such inte- 
gration. Recognizing that it would be increasingly 
difficult for individual Latin American countries to 
substitute domestic production for imports once the 
stage of light manufacturing is passed, a decision was 
made to focus attention on products of the capital 
goods and heavy industries, for which economies of 
scale and interindustry effects could be expected. 

The final choice of industries and products neces- 
sitated some compromise because of time limitations, 
data problems, and interest of collaborating institu- 
tions in working on studies relevant to their respec- 
tive countries. Balancing these factors, a selection 
was made of fourteen products in six industry groups 
—nitrogenous fertilizers, methanol and formalde- 
hyde, tractors, lathes, dairy products, and paper and 
pulp. Investigation of each industry was divided into 
four stages: projection for each LAFTA country of 
the 1975 demand levels for the 14 products; estima- 
tion of the costs of production in various countries; 
estimation of transportation costs within the region; 
and incorporation of these demand and cost esti- 
mates, along with other factors such as exchange 
rates, in a linear programming model to calculate the 
optimum (minimum, cost) plant locations in LAFTA 
to satisfy projected 1975 demands. 

The Carnoy volume is systematically organized, 
presenting in Part I general background on theory 
and the historical setting of Latin American eco- 
nomic integration (Chapter 1) followed by a sum- 
mary of the objectives, methodology, and results 
(Chapter 2). Detail on each of the six industry case 
studies is to be found in Part II, Chapters 3-8. The 
methodology employed is more fully discussed in 
Part III, Chapter 9 and appendices. 

This was an ambitiuos project, and Carnoy and his 
colleagues are refreshingly candid in pointing out the 
many difficulties faced in molding an interinstitu- 
tional effort to achieve the complex task of generat- 
ing comparable data. Estimating production costs 
was particularly troublesome. Although demand pro- 
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jections were made for all countries, coverage of pro- 
duction costs depended on the interest of the partici- 
pating institutions in making the necessary estimates. 
It could be argued that interest would be highly cor- 
related with the economic potential of an industry in 
a particular country, but the final results were un- 
doubtedly weakened by the inability to obtain more 
uniform coverage. 

Estimates of total costs to the region implied by 
the optimum location solutions were compared with 
two alternatives: imports from third countries (rep- 
resented by the U. S.) and autarkic production by 
Latin American countries (national production uti- 
lized for those countries with cost studies and im- 
ports from the lowest cost source within LAFTA 
when data on national costs were not available). Use 
of the U. S. as a proxy for extra-regional import 
- sources appears to be generally appropriate, with the 
exception of tractors. Use of optimum locations as 
supply sources when country cost data are not avail- 
able, however, could be expected to bias downward 
the estimates of welfare costs of autarkic production. 
The summary results (presented in Tables 2—4, pp. 
52-53) indicate that utilization of optimum Latin 
American production points would be significantly 
superior to autarkic production, and also that the 
formation of a customs union would allow Latin 
America, in general, to compete successfully with im- 
ports from the U. S. The largest gains to the region 
are in nitrogenous fertilizers, lathes, and paper and 
pulp. Gains to LAFTA from buying from the opti- 
mum locations in the region, rather than importing 
from outside the area, are negative for powdered 
milk (but positive for cheese). 

Camoy and his colleagues are rightfully cautious 
in attempting to draw policy conclusions from the 
analysis, given the data limitations and the partial 
equilibrium framework possible in dealing with only 
a few industries, but it does appear that a Latin 
American customs union could be expected to ben- 
efit, albeit unequally, the large and middle-sized 
Latin American countries. Further, the analysis 
should allay some apprehensions of the likelihood of 
undue industrial concentration in a relatively few 
countries since the optimum solutions do not indicate 
that any country has an absolute advantage in more 
than two of the six groups. And further, in four of 
the six groups studied, the cost of a number of sub- 
optimum solutions with wider country participation 
are very close to the optimum solution. 

A number of policy implications and questions are 
suggested by the analysis, and it is to be hoped that 
the ECIEL group and others will make further use 
of the empirical results for the guidance of policy- 
makers. I would also add that one of the most valu- 
able contributions of this research study has been 
the attention to building of professional capacities in 
Latin America to perform analysis of policy-relevant 
problems. 

Montague Yudelman’s study, Agricultural Devel- 
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opment and Economic Integration in Latin America, 
is one of a series sponsored by the Inter-American 
Development Bank to stimulate interest in Latin 
American integration and to lay the basis for action 
to accomplish this objective. In the foreword, Felipe 
Herrera notes the Bank’s concern that attention on 
Latin American integration has concentrated on the 
industrial sector and on basic physical infrastructure 
projects, with scant attention to the role of agricul- 
ture in the process. 

The book is divided in three sections. Part I is 
largely devoted to descriptive material on the state 
of agricultural resources and production in Latin 
America, Yudelman concludes that it should be tech- 
nically feasible to accelerate rate of production in- 
crease from the historic average levels of 2 to 3 per- 
cent to 4 or 5 percent. It is argued, correctly in my 
view, that the major constraints on such expansion 
lie in the policy realm. 

The central topic of the book is covered in Part 
L, while Part III is more of an appendix presenting 
a history of LAFTA with special reference to agri- 
culture and a case study of wheat as an import-sub- 
stitution possibility. Yudelman’s review of the role 
of agriculture in Latin American development shows 
that (1) agricultural exports are a major source of 
total export earnings, (2) exports of agricultural and 
nonagricultural products are in the main to non- 
LAFTA countries, and (3) LAFTA countries have a 
substantial export surplus from their agricultural 
trade. Although intraregional agricultural trade is 
only a small part of the region’s total trade, agricul- 
tural products comprise a significant portion of trade 
within the region. 

Perhaps the most important part of Yudelman’s 
argument is not what integration can do for agricul- 
ture, but what problems agriculture will pose for 
more general economic integration. Yudelman’s con- 
clusion is that integration of the agricultural sectors 
will require a harmonization of agricultural price pol- 
icies and country development plans. Although there 
is certainly no easy solution to the problems faced in 
reconciling disparate national policies, Yudelman 
suggests a variety of short- and medium-term mea- 
sures to increase trade—such as standardization of 
quality controls, improved exchange of market infor- 
mation, and perhaps the development of some sys- 
tem whereby preference is given to regional produc- 
tion to satisfy incremental demand in any one coun- 
try. Yudelman also recommends a concerted attack 
on lowering and reducing the distortions of input 
prices, particularly of fertilizers and farm machinery. 

Yudelman’s analysis covers a broad range of top- 
ics and, although the argument tends at times to 
wander, is a useful summary of issues and problems 
faced in achieving accelerated Latin American agri- 
cultural development. It points up, however, as I am 
sure Yudelman would agree, the need for serious an- 
alytical research on the structure and performance of 
agriculture of the individual countries, if there is to 
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be any reasonable prospect for harmonization of pol- 
icies and, at some point in the future, anything re- 
sembling the creation of a common market. 
Norman R. CoLtrns 
The Ford Foundation 


Gittinger, J. Price, Economic Analysis of Agricul- 
` tural Projects, Baltimore, The Johns Hopkins 

University Press, 1972, viii + 221 pp. ($10.00) 

This book is addressed to “those people in devel- 
oping countries who have responsibility for spending 
scarce money on agricultural development.” It 
should reach them effectively. It is a modest intro- 
duction to capital budgeting as applied to project 
preparation for economic development. The book 
will be most useful for those who prepare project 
plans. It will also be useful for those who in evaluat- 
ing projects find themselves pressed in communicat- 
ing with those who prepare project plans. Others will 
find the book useful: persons in economic develop- 
ment who lack preparation in capital budgeting; and 
persons well equipped in capital budgeting methodol- 
ogy who are searching for ways to apply it in eco- 
nomic development. Finally, it will serve as a primer 
or review focus for those who are committed only 
slightly or infrequently to problems of project evalu- 
ation in economic development. 

Consistent with practice of the World Bank and 
others, Gittinger proposes the internal rate of return 
(IRR) as the most appropriate criterion for evaluat- 
ing project proposals: the rate of discount that 
equates the present value of net cash flows with zero. 
He considers also a benefit cost ratio (BCR) and a 
net present worth (NPW). BCR is found wanting. It 
discriminates against projects in which both gross 
benefits and operating costs are relatively high. It is 
also difficult to avoid arbitrariness in assigning costs 
between numerator and denominator of the ratio. 
Both IRR and NPW avoid the “netting” problem of 
BCR. IRR has two further advantages: the rate of 
discount is “solved for” in the evaluation of cash 
flows, and also provides a means for ranking proj- 
ects. NPW requires an assumption on a proper rate 
at which to discount the cash flows, and provides no 
basis for ranking. No mention is made of the differ- 
ence in decision that can arise from the assumption 
implied on the earnings rate for reinvestible sur- 
pluses generated as the project materializes. So long 
as IRR equals the discount rate chosen in NPW, the 
choices will be the same. But if IRR differs from the 
chosen discount rate, the criterion can affect the de- 
cision [2]. 

The author distinguishes economic evaluation 
` from financial evaluation. In the former, he suggests 
an internal rate of economic return (IRER); in the 
latter, an internal rate of financial return (IRFR). 
IRER is emphasized in most of the book. The cash 
flow to be evaluated in IRER is the expected gross 
returns less the cost of inputs valued in market or 
“shadow” prices, whichever is most relevant for the 
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nation’s economy. Taxes and subsidies are regarded 
as transfers and do not enter the evaluated cash 
flows. Nor does_interest on capital, since it, too, is in- 
ternal with respect to the national economy. Hence 
IRER has no distributional implication. It is a mea- 
sure to reflect the effect of the project on total in- 
come produced in-the nation’s economy. 

In contrast, IRFR is generated by a cash flow in 
which market prices are used to evaluate inputs. 
Taxes (as costs) and subsidies (as returns) are in- 
cluded. Interest paid on borrowed funds are de- 
ducted as are principal payments. (Loan proceeds 
are included as cash inflows.) IRFR is relevant to a 
specific participant in the system. Financial evalua- 
tions are needed to reflect different effects of a proj- 
ect among system participants; to provide clues on 
responses that might be expected among participants 
to opportunities created by the project; and to sug- 
gest modifications in the project to reduce inequities 
revealed among participants modeled in financial 
evaluations. Ciccheti et al. [1] have criticized a pro- 
cedure proposed by the Water Resource Council [3] 
to introduce into project evaluation weights that 
would reflect differential effects of development 
projects. Gittinger’s simple distinction of IRFR’s to 
supplement an IRER might be suggested as a practi- 
cal alternative. 

In his discussion of financial evaluation, Gittinger 
found it possible to introduce leverage (which he de- 
fined as the ability of a decision maker to change 
IRFR through use of borrowed capital). As a foot- 
note, we might suggest that he as easily could have 
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(the ability to generate cash from sales or borrow- 
ing). As leverage is gained, liquidity is lost. Clearly 
there is an equilibrium in decision behavior that gov- 
erns the use of credit within decision units. To have 
explored fully the issues thus revealed would have 
carried the book beyond its modest scope. Yet to 
have introduced but half the concepts necessary to 
the appropriate analysis may be a questionable con- 
tribution. 

Minor flaws can be found. The author observes 
that to use as a discount rate “the borrowing rate for 
the project to be financed . . . has the undesirable 
result . . . that the selection of projects will be influ- 
enced by the financing terms rather than. . . their 
relative economic impact,” p. 61. Yet on page 63, 
he concludes that a “benefit-cost ratio . . . less than 
one [means] it would be better to put the money in a 
bank at the assumed interest rate than to invest it in 
the project.” The single excursion into algebra is 
made on page 98. But alas, the index of summation 
and the subscripts do not match in the expressions’ 
for the benefit-cost ratio, the net present worth, and 
the internal rate of return. 

On the whole, the book is remarkably lucid and 
free of needless jargon. Sensible suggestions are 
found on prices to use for land and labor and on 
problems of inflation and foreign exchange. Costs 
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and benefits are identified and discussed in some de- 
tail. In controversial issues, the author takes a forth- 
right position, making it clear that alternatives exist. 
An example is found in a brief explanation of the 
Little-Mirrlees method for valuing goods and services 
in preparing project plans. Some topics clearly lie 
outside the scope of the book. A brief but well cho- 
sen set of references are provided and referred to at 
appropriate points in the text. Evaluative comments 
are provided for most references. 

The author makes liberal use of project examples 
to illustrate the use of methods he describes. They 
are useful complements to the text. One minor criti- 
cism: no index is provided. Even though the book is 
brief, its purpose is methodological. This user would 
have found an index useful. 

C. B. BAKER 
University of Ilinois 
Urbana-Champaign 
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Houck, James P., Mary E. Ryan, and Abraham 
Subotnik, Soybeans and Their Products, Minne- 
apolis, University of Minnesota Press, 1972, ix 
+ 284 pp. ($10.00) 

This specialized book is an expansion and consoli- 
dation of previously reported economic research on 
soybeans conducted at the University of Minnesota. 
The report is organized into three major parts: the 
first provides meaningful descriptive and diagnostic 
information to support the second part containing 
the econometric model, the quantified demand-sup- 
ply structure, and the modified bases for policy eval- 
uations, while the third part presents a detailed 
breakdown of the foreign demand components. Very 
few technical errors were found, but an inordinate 
and troublesome time-gap between the data period 
(1946-1967) and the publishing date (October 
1972) is evident. Undoubtedly both researchers and 
publisher are to blame for the failure to be more up- 
to-date. 

The authors reach two major conclusions and with 
a considerable amount of justification. First, they 
propose that logical and relevant approximation 
models can be specified and quantified for complex 
sectors of U. S. agriculture and that this study is a 
good example. Secondly, they contend that decisions 
on production and marketing in the private sector 
and on public policy action programs can be im- 
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proved and discussed more objectively by means of 
these quantified relationship systems than by less an- 
alytic information bases. These conclusions are in ac- 
cord with the productivity of the scientific method, 
and I concur in supporting such viewpoints. How- 
ever, in spite of many excellent aspects of the ana- 
lytic sections of this book, there are enough ques- 
tionable issues on structure and measurement meth- 
odology to defer a judgment on the projective utility 
of this report. The old adage, “the proof of the pud- 
ding is in the eating,’ when applied to quantified 
economic models is by the projective performance 
outside the data period (unless dynamically recom- 
puted and recursive) and not necessarily by mea- 
sures of “goodness of fit” within the data period. 

Many excellent examples of the scientific artful- 
ness of the authors in approximation model building 
(the practical union of economic theory, measure- 
ment methodology and logical simplification) are to 
be found in the second part of this book. The logical 
separation of demand and supply forces and the 
treatment of independent or substitution elements 
relating to each are handled well. Several mathemati- 
cal adjustments to surmount nonlinearities and to se- 
cure estimates of the dynamic results stemming from 
specific policy instrument changes are presented with 
clarity. Students and research workers interested in 
quantitative analysis should learn many practical 
procedural concepts from this report. The soundness 
or likely stability of future performance applications 
of the estimated foreign demand functions in part 
three do not reach the quality of the work in the 
second part of the report. . 

While reviewing a technical publication of this 
type, one continuously evaluates the material for 
commendable content and also challenges specific is- 
sues with his own judgment of alternative or more 
logical approaches. On occasions, an error in logic or 
methodology can arise. Without striving for any 
specific ordering, I will list points and procedures 
which I question in this study. Some of my sugges- 
tions of alternatives would have been stymied by 
lack of directly available data. 

1. Usage of “effective support prices” in the sup- 
ply analyses in single aggregate response functions 
(by regions) could result in parameter estimates 
which are “neither fish nor fowl” for differentiated 
subgroups of producers (compliance vs. noncompli- 
ance) and under large differences in yield and net 
revenue trends between crops over the data period. 

2. CCC stocks were considered exogenous and 
soybean prices endogenous in model specification and 
quantification. Later, in policy evaluations, they were 
switched for appropriate cases related to support 
price levels versus market prices. It seems that a 
data period with mixed yearly cases of open market 
and effective support prices (significant CCC stock 
accumulations occurred in 3 to 5 years during 1946- 
67) requires separable groupings for proper estima- 
tion processes consistent with random variable con- 
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cepts. Usage of dummy variable options might be a 
way out when dynamic links are implied by lagged 
variables and therefore require a continuous data 
format. 

3. Differentiated response parameters for supply 
relations (and some demand components) should 
have been specified for level of CCC stock and direc- 
tional changes thereof. 

4, The three cases relating price support levels to 
potential or realized open market clearance prices 
and release price level provisions could have been 
handled more clearly by direct reference to the com- 
parative static demand and supply diagrams implied 
on p. 71 instead of the partial relationships given on 
p. 106 and following. The questions of what levels of 
price support would be associated with which cases 
and the implied consistent changes in CCC stocks 
would have been more directly answered as well as 
the limits of price support changes for policy evalua- 
tions. 

5. In my judgment, an inadequate specification of 
the interrelationships between practical decisions on 
price support levels, the release price specifications, 
and the experienced accumulation of government 
stock was used. This has a bearing on some of the 
policy evaluations (implicit independence of release 
price specifications) as well as structural equation es- 
timates. 

6, Single price supports (when effective) have 
umbrella effects for competitive substitutes in pro- 
duction or utilization. Separable additive effects 
should not be implied for support program changes 
under these conditions. Corn, oats, and perhaps 
wheat were involved in this study. Had grain sorg- 
hum and barley been included, the implication would 
have been more serious. Consistent market price 
changes will occur independent of price support 
changes for all the products. 

It should be a severe test for the performance sta- 
bility of the estimated functions of this study to 
evaluate them for the 1968-72 period. Early large 
surpluses and then intensive movement to open mar- 
ket conditions in 1971 and 1972 provide extreme 
cases. ; 

Finally, I would recommend this book for quanti- 
tative and policy oriented research workers and all 
others directly involved in the dynamic soybean sec- 
tor. 

James B. HASSLER 
University of Nebraska 


Imel, Blake, Michael R. Behr, and Peter G. Helm- 
berger, Market Structure and Performance: The 
U. S. Food Processing Industries, Lexington, 
D. C. Heath and Company, 1972, xv + 115 pp. 
($10.00) 

This small book is the latest and one of the more 
successful attempts to show empirical relationships 
between market structure and performance. The re- 
search it reports dealt with a sample of 99 medium- 
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sized and large firms primarily engaged in the food 
and tobacco manufacturing sectors of the economy 
(SIC’s 20 and 21). Original data were collected from 
the firms to supplement published information; in- 
ability to obtain data from some firms limited the 
size of the sample. 

Rather than forming and working with aggregates 
for industries (e.g., 4-digit SIC groupings), the au- 
thors treated each firm as a separate observation. In 
an analysis of one aspect of performance, for exam- 
ple, each firm’s profit rate was considered to be a 
function of 4firm concentration (a market-related 
variable) and of advertising and R and D expendi- 
tures (firm-related variables). Since most firms oper- 
ated in more than one market, concentration was 
measured for each firm by weighting the 4-firm con- 
centration ratios in the markets in which it partici- 
pated by the firm’s sales in those markets, A well- 
known study by the Federal Trade Commission used 
a similar approach. 

As the authors show, there is good reason to ex- 
pect that error covariances will not be zero when this 
procedure is used and that heteroskedasticity will ex- 
ist as well. A feature of the research is the meticu- 
lous attention given to the implications of this for 
estimation procedures. Both generalized least squares 
and ordinary least: squares estimates are presented. 
The analysis is extended to errors to be expected 
when industry and sector aggregates are used and 
shows that the assumptions underlying ordinary least 
squares may not hold. 

Industries were defined for the purpose of measur- 
ing market concentration by starting with 4-digit and 
5-digit SIC groupings and by further adjusting many 
of them by adding or subtracting certain subparts. In 
addition, concentration ratios in local markets rather 
than in the national market were used for fresh milk 
and soft-baked goods. Other industry classifications, 
including the standard 4-digit SIC industries, were 
used in the analysis to test the sensitivity of results 
to market definitions. 

The authors chose as their preferred measure of 
profits net income after taxes, minus an implicit re- 
tum of 5 percent on equity capital, expressed as a 
ratio to sales. If concentrated industries tend to have . 
low capital turnover, which may be the case, choos- 
ing the right rate of return on equity would be cru- 
cial to avoiding misleading results, but no justifica- 
tion for 5 percent was offered. It seems too low for 
equity capital in the 1959-67 period. Alternative 
measures of profits were also used, however, and re- 
sults were generally consistent with, if weaker than, 
results for the measure the authors liked best. 

The authors conducted their analysis and stated 
their conclusions conservatively. They: found strong 
support for the hypotheses that profits are positively 
related to market concentration, to product differen- 
tiation as represented by advertising expenditures, to 
R and D expenditures, and to relative size of firm. 
They employed an ingenious method from which 
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they concluded that the relation of profits to concen- 
tration is linear, though the reader may argue that 
there is a kink where the concentration ratio is about 
35 percent. Similarly, they found that progressive- 
ness of firms as represented by R and D expendi- 
tures appeared to be positively related to market 
concentration, diversification of the firm, and per- 
haps to product differentiation and to nonfood sales as 
a proportion of total sales. 

Many economists would ask the authors to dip 
their toes into deeper water. Is there interaction’ be- 
tween concentration and product differentiation in 
effects on profits? Is the effect of concentration on 
profits large enough to be socially as well as statisti- 
cally significant? If concentration increases both 
profits and progressiveness, are we faced with a 
trade-off between the two? May profits, concentra- 
tion, product differentiation, and R and D be mutually 
interrelated in complex ways not suggested by the 
unidirectional models? One could scarcely ask the 
authors to extricate the wild duck in a line quoted by 
Keynes, “The wild duck has dived down to the bot- 
tom—as deep as she can get—and bitten fast hold of 
the weed and tangle and all the rubbish that is down 
there, and it would need an extraordinarily clever 
dog to dive after and fish her up again,” but the au- 
thors did so well what they undertook to do that one 
wishes they had gone a little further into the tangle. 

G. E. Brannow 
The Pennsylvania State University 


Ironmonger, D. S., New Commodities and Con- 
sumer Behavior, New York, Cambridge Univer- 
sity Press, 1972, xviii + 200 pp. ($19.50) 
Part I of this book is basically concerned with ex- 

tending consumer behavior theory to handle new 

commodities and changes in tastes and product quali- 
ties. Consumer preferences are defined in terms of 
well-ordered wants which are in turn related to com- 
modities via a consumption technology. This theoret- 
ical structure is similar to the one developed by Lan- 
caster [1]. The differences between these two theo- 
ries are noteworthy. Whereas Lancaster’s model 
maximizes the attainment of commodity characteris- 
tics subject to the consumption technology and bud- 
get constraints, Ironmonger formulates the choice 
problem as a linear program in which the marginal 
want is maximized subject to the satisfaction of cer- 
tain prior wants and the budget constraint. While 
there is not necessarily a unique optimum budget in 
Lancaster’s model, Ironmonger’s model gives in most 
cases a unique optimum budget because the con- 
sumer is assumed to choose commodities that most 
efficiently saturate his wants in the order of their pri- 
orities. While unique solutions facilitate empirical 
analysis, the behavioral implications of this assump- 
tion can be quite restrictive, especially when dealing 
with individual commodities. Consider the example 

(p. 27) of water serving two wants: thirst and clean- 

liness. When the consumer’s income does not enable 
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him to attain his saturation level for thirst, the con- 
sumer uses water only to quench his thirst. Presum- 
ably, the consumer forsakes cleanliness until his sat- 
uration level for thirst is achieved. In addition, the 
determination of the priority ordering among wants 
can be quite arbitrary as evidenced by example 2.7.2 
(pp. 43-45) where the priorities among five food 
nutrients representing wants are defined by ranking 
these nutrients according to their average consump- 
tion levels. While the author maintains that the 
choice consequences of ordered priorities is crucial 
only at lower levels of real income (p. 24), choice 
behavior will also be affected at higher income levels 
since the number and saturation levels of wants usu- 
ally increase with income. Certainly, a consumer can 
have saturation levels for ordered wants without sa- 
tiating these wants in the order of their priorities. 
However, this less restrictive ‘assumption would un- 
doubtedly eliminate the chances of obtaining a uni- 
que optimum budget. 

Building on this basic theoretical framework, the 
author defines changes in consumer tastes as an al- 
teration in the saturation levels for and priorities 
among wants, and changes in product qualities and 
the introduction of new commodities in terms of 
changes in the consumption technology. He then pro- 
ceeds to analyze individual and group purchase re- 
sponse, specifically Engel and demand curves, to 
changes in tastes, product qualities, income, prices, 
and the introduction of new commodities, Although 
the individual relations are discontinuous, aggrega- 
tion to group relations smooth out the discontinui- 
ties. 

The connection between the theoretical develop- 
ments of Part I and the applications in Part II is 
quite weak. Applications are primarily limited to a 
consideration of the importance and role of new 
commodities and quantification of the diffusion pro- 
cess for new commodities. A useful distinction is 
made between eight stages of a commodity’s life cy- 
cle. By applying ordinary least squares to lag-se- 
quence observations on the consumption of 113 com- 
modities in the United Kingdom, the commodities 
are classified into the appropriate life-cycle stage. 
Using 1920-38 British data on 25 commodities, the 
diffusion, price, and income effects on consumption 
are estimated by regressing consumption per adult 
equivalent on seven combinations of real income per 
adult equivalent, real prices, and one-period lagged 
consumption. Results support the basic hypothesis 
that a significant proportion of the variation in the 
consumption of new and outmoded commodities can 
be attributed to the diffusion process. In the new and 
outmoded stages, the diffusion effects appear to be 
as important and in some cases more important than 
price and income effects. One-period lagged con- 
sumption is included in the regression equations to 
represent the effects of diffusion. The author main- 
tains that the coefficients of lagged consumption 
should not be interpreted as lag responses to changes 
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in prices and income. However, this proposition is in 
the form of a conjecture (no formal tests were 
made), and it is possible that the coefficient of 
lagged consumption also reflects a partial adjustment 
effect. In fact, the logic behind the partial adjust- 
ment hypothesis, ie. that consumers have certain 
habits and purchase patterns that cause the complete 
purchase response to price changes to be distributed 
over an extended period of time, is not inconsistent 
with the rate of diffusion of a new product. 

In summary, this book provides a fresh theoretical 
explanation of consumer purchase response to new 
commodities and changes in the qualities of existing 
commodities and consumer tastes. Although one may 
take exception to Ironmonger’s conception of how 
want priorities affect consumer behiavor (one cannot 
seriously deny their existence), this conception seems 
less restrictive when dealing with groups of commod- 
ities than with individual commodities. Furthermore, 
well-ordered wants provide unique deterministic so- 
lutions to the consumer choice problem. Analysis of 
the diffusion process for new commodities should 
prove quite useful in explaining the variation in the 
consumption of new and outmoded commodities not 
explained by price and income changes. The latter 
has heretofore been treated as an unexplained resid- 
ual. This book will undoubtedly become an impor- 
tant reference for the consumer behavior theorist 
and analyst. 

A. A. PRATO 
University of Florida 
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Johnson, Glenn L., and C. Leroy Quance, eds., 
The Overproduction Trap in U. S. Agriculture: 
A Study of Resource Allocation from World 
War I to the Late 1960's, Baltimore, The Johns 
Hopkins Press for Resources for the Future, 
1972, xvii + 211 pp. ($10.00) 

Under the auspices of Resources for the Future, 
Johnson and Quance have put together the work of 
eight writers in support of the asset-fixity hypothesis 
concerning agricultural supply which Johnson has pro- 
pounded continuously since 1958. Part I written by 
Johnson consists of four short chapters concerned 
with theory. Part II, containing five chapters, re- 
ports research developed by seven Michigan State 
graduate students primarily as dissertations written 
in the mid-1960’s. For the most part the empirical 
research has not been published elsewhere. Part III 
contains a chapter which purports to summarize the 
results of the earlier chapters chronologically and a 
chapter in which Johnson urges the development of 
policy to reduce resource waste in agriculture. There 
is also a mathematical appendix which develops some 
of the diagrams and calculus for Part I. 
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In broad terms, the major hypothesis is that agri- 
cultural supply functions have different slopes for 
price increases and decreases. Propounded 40 years 
ago by Cassells [1], few economists would quarrel 
with this proposition for some lengths of run. In 
more specific terms, the hypothesis put forward in 
the book is that resources are mistakenly committed 
to agriculture in such volume that prices are de- 
pressed and farmers fail to recover investment out- 
lays. Further, the malady is so serious and repeti- 
tious as to justify remedial action. Few economists 
are likely to be convinced of this proposition for 
four reasons. First, the theory utilizes such asymmet- 
rical assumptions concerning the impact of time on 
the organization of production as to make the theory 
unattractive. Second, so little attention is given to 
the formal structuring of tests to discriminate be- 
tween this theory and its competitors that it is diffi- 
cult to know when one or more of the competitive 
theories would be regarded as superior to the asset- 
fixity theory. Third, the empirical work does not con- 
firm the predictions. Fourth, the policy recommenda- 
tions are not based on an estimate of either the bene- 
fits or the costs of the proposed action. These points 
are developed below. 


Three propositions are combined to construct the 
basic model of overproduction: (1) in the presence 
of uncertainties and of inputs embodied in stocks, ex 
post errors in farm use of inputs will occur; . (2) 
once these errors are recognized, the existence of 
transaction costs leads to two prices (acquisition and 
salvage), and the lower salvage prices bias adjustment 
in the direction of more output; (3) desired increases 
in factor use can be made instantaneously even though 
decreases require time. Most economists would find 


‘the first two propositions plausible. But by them- 


selves, unrelenting overproduction is not a necessary 
result. Suppose that errors in the initial organization 
were such that without reorganization aggregate re- 
ceipts would be at or above the level consistent with 
errorless competitive equilibrium. If time is required 
to adjust resource combinations after price-expecta- 
tions are revised, farmers will be unable to overpro- 
duce in some periods. Only if adjustment to initial 
errors is instantaneous and costless, will overproduc- 
tion necessarily prevail. Yet if adjustments can be 
made instantaneously (proposition 3), there is no 
reason to risk making mistakes (proposition 1). This 


‘conflict essentially invalidates the theory. 


The second problem relates to the structuring of 
tests of hypotheses. Several theories predict that in- 
come may fall below opportunity costs from time to 
time, at least for some firms (D. G. Johnson, [3]; 
Cochrane, [2]; Tolley, [4] ). Consequently, some for- 
mal test should have been derived to distinguish be- 
tween the competing models, but little attention was 
given to this problem and no precise tests were de- 
veloped. ‘ 

The third difficulty is the failure of the empirical 
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evidence to agree with the predictions. On balance 
nominal capital gains, not losses, were realized on 
physical capital (Tables 13, 14 and 15), while capital 
losses were estimated for expendables (purchased an- 
nual inputs, Table 16). Clearly this is the reverse of 
the predictions. In considering labor, no direct test 
of the effect of on-the-job training of veterans was 
made. While the relationship between FHA-FCA 
loan capital and entry was studied, the regression 
provided for no estimate of the displacement of com- 
mercial credit. Thus the net effect of FHA-FCA 
credit on entry remains unknown. One study con- 
cludes that there was little net change in the land 
stock between 1920 and 1970: a finding that does 
not tend to support the theory. While some space is 
given to discussing the possibility that “unduly” high 
land prices will lead to increased nonland input use, 
no evidence is presented. 

The fourth difficulty lies in the manner in which 
policy conclusions are reached. More central direc- 
tion of the agricultural sector is urged in a conclud- 
ing chapter. However, no estimate of the cost of 
making controls effective is reported. Clearly, imple- 
menting effective controls on either inputs or on out- 
put would be costly. No estimate of the level of ben- 
efits which would flow from such a policy is intro- 
duced. Consequently, the final conclusion must be 
that the goodness of the advocated policy in terms of 
GNP, let alone welfare, is unproved. 

A number of topics not central to the theory are 
discussed in the book, among them the size distribu- 
tion of firms, the use of welfare economics, and ob- 
jectivity. Some readers will find these interesting, 
but the exposition is encumbered by special defini- 
tions and interpretations. Perhaps the high point of 
the book found in Chapter 6, is the excellent descrip- 
tion, not analysis, of changes in U. S. agriculture 
since World War I. 

Dare M. Hoover 
North Carolina State University 
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Merewitz, Leonard, and Stephen H. Sosnick, The 
Budget’s New Clothes: A Critique of Planning- 
Programming-Budgeting and Benefit-Cost Anal- 
ysis, Chicago, Markham Publishing Company, 
1971, xi + 318 pp. ($10.95) 

The Budget’s New Clothes is both exposition and 
criticism; it is not a research monograph. While not 

a conventional text, it is likely to be adopted in some 
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upper-level undergraduate public finance courses and 
graduate courses in public policy or public adminis- 
tration programs. The volume has two distinct parts. 
The first part (Chapters 1-5) is a description of the 
structure and evolution of the federal government 
planning-programming-budgeting system and a cri- 
tique of its effectiveness. The second part (Chapters 
6-12)) is an exposition of the theory of benefit-cost 
analysis and a critique of its application to federal 
government programs. 

In Chapters 1-5, the antecedents of PPBS are 
traced and the non-analytical components of the re- 
cent federal system are described and then subjected 
to a benefit-cost type evaluation. The four compo- 
nents discussed are program accounting (program 
budgeting), multi-year costing (budget projections), 
detailed description and measurement of activities 
(program memoranda), and zero-based budgeting. In 
general, the overall evaluation of these parts of the 
system is strongly negative: the costs—in the form 
of staff time and effort, reductions in the flexibility 
of government, and “political” sacrifices—are judged 
to be in excess of the benefits—better decisions at- 
tributable to “enlightenment,” coordination, elimi- 
nation of overlapping and redundant activities, and 
increased accountability. 

The mode of evaluation and critique undertaken in 
these chapters is impressionistic. Like so much writ- 
ing about the impact of systems of public decision- 
making and budgeting, the conclusions of this part of 
the book are based on personal predilection, sup- 
ported by references to the writings of other, like- 
minded observers. With few deviations, the perspec- 
tive reflected in this part of the volume is that of the 
“muddling-through” school represented by Wildav- 
sky and Lindbolm. This representation of the public 
decision process emphasizes the “political opportu- 
nity costs” (as Charles Schultze has termed them) 
of efforts to force a specification of objectives, the 
gains of an incremental approach to decision-making, 
and the importance of the advocacy process in reach- 
ing decisions. Such a pragmatic approach stands in 
stark contrast to the rational, problem-solving, long- 
term planning approach characterized by the PPB 
system. In my view, this movementalist perspective 
neglects the gains which PPB does convey through 
the discovery of other neglected policy alternatives 
and the clarifying of value judgments on which pol- 
icy decisions must rest. However, given this perspec- 
tive, it is not surprising that the authors’ evaluation 
of the PPB system is adverse. 

In this first one-third of the book, the authors give 
only passing reference to the centralization of power 
and authority within the Executive branch of gov- 
ernment attributable to the PPB system. In fact, 
this may be one of the most significant—and costly 
—impacts of the system. Related to this is the com- 
plete neglect by the authors of the contribution of 
the PPB system to the shift of policy and decision- 
making initiative from the Congress to the Executive 
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branch. The PPB system was created by the Execu- 
_tive for the Executive. None of the studies or analy- 
ses undertaken have been made available to the Con- 
gress, which is left to question weakly and then to 
ratify. As a consequence, the power which informa- 
tion and evaluation affords has accrued only to the 
Executive, aggravating still further the disparity be- 
tween the two branches in the knowledge of what 
government does and how it does it. Reflecting the 
Executive branch bias of the PPB system itself, the 
authors do not so much as mention the legislative 
branch until page 56, and then only in passing. 

In the second part of the book, the discussion 
switches from the practice of the PPB system to the 
theory and application of benefit-cost analysis. Be- 
ginning with a rather technical analysis of the wel- 
fare economic basis of benefit-cost analysis and the 
various criteria for project evaluation (benefit-cost 
ratio, internal rate of return, net benefits), the au- 
thors discuss, in turn, the appropriate treatment of 
time (discounting) and uncertainty, the theory and 
measurement of efficiency benefits, the procedures 
for evaluation with multiple objectives, and the esti- 
mation and prediction of costs. The final substantive 
chapter presents two benefit-cost analysis case stud- 
ies—the California Water Project and the Super- 
sonic Transport. In this chapter, the methodologies 
employed and the efficiency results are summarized 
and the impact of the analyses on public policy deci- 
sions is appraised. Although one of these projects is 
being undertaken while the other has been rejected, 
the authors conclude that “efficiency criteria have 
been largely ignored in the decisions.” 

Overall, I found this part of the book to be one of 
the best presentations of the theory and practice of 
benefit-cost analysis available. The analysis is sub- 
stantive and is effectively interspersed with summar- 


ies of actual benefit and cost estimates and estimat- 


ing procedures. 

In addition to a number of quibbles on technical 
matters, I have three major reservations regarding 
this part of the volume. The first is the terseness 
with which some of the more complex theoretical 
and econometric models are presented. For example, 
the analysis of alternative welfare criteria (Pareto, 
Kaldor-Hicks, Scitovsky, Little) is presented in six 
pages, externalities in two pages, the Arrow-Hirsh- 
leifer debate on the appropriate treatment of uncer- 
tainty in three pages, demand curve estimation in 
three pages, the time-travel cost model of recreation 
demand estimation in four pages, the Churchman- 
Ackoff-Arnoff relative weight assignment method for 
multiple objectives in two pages, Steiner’s general 
opportunity cost model in two pages, and the produc- 
tion-cost function duality in two pages. The cryptic 
discussion of both mathematical and econometric 
models displayed in these presentations detracts 
from the potential pedagogical use of the book. 

My second reservation concerns the imbalance in 
the discussion of the application of benefit-cost anal- 
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ysis among program areas. The bulk of the discus- 
sion focuses on the evaluation of physical invest- 
ments in the water resources, transportation, and 
military procurement areas. A total of three pages is 
devoted to the numerous benefit-cost studies of hu- 
man investment programs, including education and 
manpower training, which include some of the most 
innovative applications of welfare economics. 
Finally, the discussion of the use of “shadow 
prices” where market (or efficiency) prices are incor- 
rect or unavailable is weak. The valuation difficulties 
created by publicly administered or monopoly prices, 
external effects, or unemployed resources are recog- 
nized in the benefit-cost literature, and research stud- 
ies to develop appropriate shadow values are well- 
known. Yet the authors only mention these valuation 
difficulties in passing and make no reference to the 
research designed to develop meaningful surrogates. 


Citing the pessimistic stance of McKean and Prest 


and Turvey regarding shadow pricing, they state, 
“Unfortunately, there is no objective way to adjust 
for these imperfections” (p. 215).- 

In sum, I found The Budget’s New Clothes to be a 
solid volume. It yields insights into both the theoret- 
ical and empirical issues confronted in applying eco- 
nomic analysis to government activities and the ad- 
ministrative difficulties in bringing such analysis to 
bear in the budgetary and decision-making process. 
Although the unevenness in the two parts of the 
book detracts from its overall quality, it is a compe- 
tent piece of work which will be of value to both 
scholars and students of public expenditure econom- 
ics. 

Ropzrt H. HAVEMAN 
University of Wisconsin 


Rossi, Peter H., and Walter Williams, eds., Evalu- 
ating Social Programs: Theory, Practice, and 
Politics, New York, Seminar Press, Inc., 1972, 
xviii + 326 pp. ($10.95) 

The volume is a collection of 13 papers dealing 
with the problems and procedures of evaluating so- 
cial action programs such as Head Start, the Job 
Corps, the Negative Income Tax, etc. A major stim- 
ulus for the book appears to have been a 1969 con- 
ference “Evaluation of Social Action Programs” 
sponsored by the American Academy of Arts and 
Sciences. The lead-off paper in the book (after the 
overview) summarizes the conference proceedings 
while two of the included papers were presented at 
the conference itself. The remaining papers were 
drawn from various sources including the American 
Sociological Review, other conference proceedings, 
departmental papers, and another book of readings. 

Although the book is divided into four parts, sec- 
tions H and III contain the bulk of the material. 
Section II deals with aspects of the theory and meth- 
odology of evaluative research while the papers in 
section III relate to specific welfare programs. The 
first three papers of section II in large part argue the 


May 1973 


merits of the controlled experiment as an “evaluation 
design.” There appears to be some confusion, how- 
ever, between ways of gathering data and analytical 
techniques. For example, on pages 46 and 47 there is 
a ranking of research designs from the most to the 
least desired. Of highest rank is the controlled exper- 
iment, followed by correlation designs in which sta- 
tistical’ controls are used. Yet, it seems that the for- 
mer is one way of gathering information or data 
while the latter is an analytical tool that can be 
brought to bear on data whether it be gathered by a 
controlled experiment or another means such as cen- 
sus questionnaire. 

Also, section II contains a critique of the Coleman 
Report by Glen Cain and Harold Watts. The authors 
criticize the Report on two counts: (1) No theoreti- 
cal justification is offered for the explanatory vari- 
ables included; and (2) variables are evaluated 
solely on the basis of statistical significance. Regard- 
ing the latter point, the authors argue that for policy 
purposes we should be concerned mainly with using 
the variables which provide the greatest gain per unit 
cost rather than with variables exhibiting the highest 
F-ratio. 

Two of the papers in section III deal with Head 
Start, one with Federal Manpower Programs, and 
another with the New Jersey Negative Income Tax 
experiment. The latter is mainly a discussion of the 
“nuts and bolts” of setting up and operating such an 
experiment. 

If diversity is a virtue, this volume should be 
given high marks. On the other hand, it is not likely 
that the volume will hold the interest of many read- 
ers over its entirety. Economists interested in the 
economics of education should find the Cain and 
Watts paper worthwhile reading. The papers con- 
tained in section II, including the Cain and Watts 
paper, also should prove useful to the study of re- 
search methodology. Although not explicitly men- 
tioned, some interesting contrasts in methodology can 
be observed between economics, specifically the Cain 
and Watts paper, and the other social sciences. 
About two-thirds of the papers in the volume were 
written by noneconomists. 

The papers in sections III and IV might be of in- 
terest to teachers of social science courses dealing 
specifically with poverty programs. The material 
should be easily comprehensible by Masters degree 
students and not above the grasp of most upper divi- 
sion undergraduates. 

WILLIS PETERSON 
University of Minnesota 


Schultze, Charles L., Edward R. Fried, Alice M. 
Rivlin and Nancy H. Teeters, Setting National 
Priorities: The 1973 Budget, Washington, D.C. 
Brookings Institute, 1972, ix + 468 pp. ($3.50 
paper ) 

This book is the third annual analysis of the fed- 
eral budget, in the series initiated by the Brookings 
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Institute in 1970. These analyses are made to distill 
out of the national budget the executive branch’s as- 
sessment and decisions on national priorities. Also, 
since the budget is a detailed, technical, and abstruse 
financial complex, this book serves also to communi- 
cate implied priorities to the public in an understand- 
able form. f 

Following the overview in Chapter 1, the next four 
chapters deal with the defense and security budget. 
Part II, composed of six chapters, deals with purely 
domestic problems relating to family income sup- 
ports, health insurance, child care, fiscal problems of 
cities, elementary and secondary education and the 
environment, The four chapters of Part III include 
analysis and interpretation of the distribution of the 
fiscal dividend resulting from termination of Viet- 
nam activities, revenue and expenditures for the fu- 
ture, alternative sources of federal revenue, and new 
approaches in establishing priorities. Overall, the. 
book is an interpretation and evaluation of the na- 
tional budget with respect to: (1) its size and the 
manner it is financed in relation to national output, 
employment, and inflation, (2) the manner in which 
it determines the allocation of national resources and 
the portion accorded to public and private needs, (3) 
the effects of different taxes and allocations on the 
distribution of real income among income groups, 
and (4) its comprehensive reflection of overall na- 
tional policy. 

The authors relate the defense budget to the ad- 
ministration’s orientation to foreign relations and 
connect the Nixon doctrine to U. S.-Soviet relations, 
the U. S. role in Western Europe, and potential set- 
tlement of wars in Asia and the Middle East. After 
review of the rapid increase in Soviet defense expen- 
ditures over the period 1964-72 with expectations of 
large future increases, strategic force alternatives are 
outlined for the U. S. These alternatives suggest re- 
straint on the part of the United States since part of 
the Soviet buildup is directed towards China and a 
two-continent war contigency, certain U. S. responses 
would be matched by Russia, and otherwise, re- 
sources would be drawn away from more important 
security and domestic needs. For the different alter- 
natives, seven different budgets are presented for the 
1973-79 fiscal years. The outlays and alternatives 
range from 21.2 billion dollars for no SALT agree- 
ment and an accelerated defense program, to 10.9 
billion dollars for transition to dependence on a com- 
pletely sea-based force. Alternative programs and 
budgets also are presented for ground combat forces, 
naval carrier forces, naval general purpose forces 
and tactical air forces, Reforms also are discussed 
for an all-volunteer army, military pay and retire- 
ment, and weapon acquisition policies. Finally, the 
effect of defense budget alternatives on employment 
in the short and long run is discussed. 

Under domestic programs, the chapter on family 
income supports reviews the wide range of programs 
currently in effect, summarizes arguments for and 


358 / 


against various programs, then evaluates alternatives 
such as universal vs. means payments, contributary 
vs. noncontributary,’ categorical vs. needs ap- 
proaches, payroll financing and cash vs. in-kind bene- 
fits. The chapter on health services reviews current 
recipients of public expenditures, discusses medical 
care inflation and need for more professional man- 
power, and other facets of the existing supplies and 
prices of medical care. The authors conclude with a 
federal health insurance program which should check 
the escalation of medical prices and excess use of 
services, avoid creation of a two-class medical sys- 
tem, and minimize the transfer to the public budget 
of health costs by middle-and-upper income families 
-—to save scarce tax resources for other high priority 
public purposes, 

In the chapter on child care, reasons for the rapid 
demand increase in child care are reviewed against 
the supply and price of these services. This chapter 
summarizes a range of surveys and interpretations of 
the needs, nature, changes and clientele of various 
types of child care facilities. Proposed legislation is 
reviewed, but the authors do not make specific sug- 
gestions for public subsidy and regulation of day 
care facilities. In discussing fiscal problems of cities, 
the authors conclude, as others have, that difficulties 
experienced in balancing needs with resources will in- 
tensify in the future. Hence, by default the federal 
government will be required to come to the rescue. 
However, the fiscal problems of large cities are not 
likely to be thus eliminated and the federal govern- 
ment will have to choose between “doing. it alone,” 
or enlisting the help of the state and the suburbs. 
With respect to education, the usual major problems 
are discussed as disparities in expenditures, race and 
poverty, and desegregation. Alternatives are outlined 
for reforming property taxes, revising state school 
financing, attaining interstate equalization, and real- 
izing integration. 

The chapter on environment is rather general and 
concludes that environmental qualities are valuable 
resources; people now want cleaner air and water 
and look to the federal government for it; reducing 
pollutants is expensive; and both air and water are 
complex phenomena. In discussing alternatives and 
means (public and private) for controlling pollution, 
the authors state that nothing in the nature of air 
and water suggests stopping economic growth. Also, 
federal involvement is necessary to prevent tax con- 
trols in particular states where competitive advan- 
tage might be attained through lower industrial costs. 
Questions posed for new methods of establishing pri- 
orities, not only for the environment but other major 
dimensions of economic and social life, include a 
three-year budget period and certain mechanical 
steps in its processing. 

This book is a broad survey of the nation’s eco- 
nomic and social problems and the scarcity of re- 
sources available for solving them. In this frame- 
work it might well have been written without the ex- 
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cuse of building it around the budget. The budget is 
interpreted especially with respect to the defense 
budget and the projection and distribution of federal 
expenditures and revenues. For other major areas of 
analysis, the budget is much less a necessity and fre- 
quently is not a concern, of the problems reviewed, 
the conditions summarized, and the popular and 
specific alternatives suggested. Any of the major do- 
mestic problems could have been treated as thor- 
oughly as the defense budget, which was related 
much more systematically and specifically to the al- 
ternatives set forth. 

A stated objective of the book was to communi- 
cate the nature and meaning of the budget to the 
public. The public for which the book best communi- 
cates the obscured meaning of the budget probably 
includes intelligent and concerned public leaders, leg- 
islators, students, and social scientists. To “reach the 
man on the street,” the volume would still need a 
vast distillation and reduction. The authors do, how- 
ever, provide a rather objective analysis of a 
bounded set of alternatives relating to the federal 
budget. In some chapters, the biases of the particular 
writer tend to “show through,” but the volume is of 
high quality and provides a commendable public ser- 
vice. 

EarL O. HEADY 
Iowa State University 


Whitcomb, David K., Externalities and Welfare, 
New York, Columbia University Press, 1972, 
x + 158 pp. ($8.00) 

Professor Whitcomb is to be complimented for a 
well organized and well written theoretical discussion 
of production externalities. The book is devoted to 
an analysis of the efficiency conditions and an associ- 
ated set of constant amount per unit taxes or subsi- 
dies which would be Pareto optimal. A general equi- 
librium setting with N goods and R firms under per- 
fect competition and no externalities in the consump- 
tion sector is employed throughout. 

_ The basic theoretical innovation is the use of a 

production function which treats both salable goods 

and externalities as produced goods, but the external- 
ities enter only as intermediate goods—that is, as in- 
puts in the production relations for salable commodi- 
ties. A fairly detailed derivation is provided for the 
cost function associated with the production func- 
tion; this could have been asserted directly from du- 
ality theorems due to R. Shepherd. Derivations are a 
bit restrictive as are the theorems employed since 
the arguments rule out boundary solutions—that is, 
zero input or output levels. The theorems employed 
require open sets in their hypotheses. It should be 
added, though, that the limitations employed to- 
gether with the rather extensive detail provided do 
make it fairly easy for a reader who is not familiar 
with mathematics to make considerable headway on 
his own. In addition, analytic proofs of well-known 
theorems such as those due to R. Coase make parts 
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of the text quite useful even though the results are 
not new. 

Policy oriented theoretical topics begin with a se- 
ries of theorems dealing with the set of constant 
amount per unit taxes or subsidies which, if named 
as the market “prices” for the externalities, would 
lead to Pareto optimal amounts of goods and exter- 
nalities being chosen as the result of decentralized 
production following a profit maximizing criterion. 
The theorems are developed under the assumption 
that one has perfect information. Although the au- 
thor does not explicitly mention it, the taxes or sub- 
sidies sought are simply the dual variables associated 
with the externality production functions in a nonlin- 
ear program. Under the traditional assumptions of 
convexity for production sets and concavity for 
profit functions, the existence of such a set of Pareto 
optimal taxes and subsidies could have been directly 
obtained from programming theorems. 

The author criticizes one of the more’ promising 
proposals for coping with the stringent information 
requirement employed in his work and in most of the 
externalities literature: the Davis-Whinston iterative 
scheme. The only evidence provided for the infeasi- 
bility of the scheme is the result of several simula- 
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tion experiments, Once one recognizes that dual vari- 
ables are being sought, the Davis-Whinston scheme 
can be thought of as being the well-known Lagran- 
gian algorithm which is known from theoretical con- 
siderations to converge under the convexity/concav- 
ity assumptions employed by both Whitcomb and 
other writers. 

A particularily interesting, and I feel promising, 
set of issues is raised in Appendix C dealing with tax 
or subsidy functions which are not linear. The im- 
portance of this topic stems from its ability to cope 
with nonconvex problems. This topic certainly would 
seem to be a fruitful area for further work. 

Although two applications topics are raised in the 
introduction, these do not reappear until the conclud- 
ing chapter where they are not pursued at length. In 
fairness, one must point out that the principle issues 
the author chose are theoretical, and these are devel- 
oped well, but specific analysis of applied problems 
is needed to be able to evaluate fairly the usefulness 
of the generalized production function concepts. The 
author’s concluding comments on the direction of 
further research merit a thoughtful reading. 

ROBERT A. MEYER, JR. 
Purdue University 
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Announcements 


ANNUAL MEETING 


AMERICAN AGRICULTURAL ECONOMICS ASSOCIATION 
: joint with 
CANADIAN AGRICULTURAL ECONOMICS SOCIETY 
WESTERN AGRICULTURAL ECONOMICS ASSOCIATION 
University of Alberta 
Edmonton, Alberta 
\ August 8-11, 1973 


Format of the 1973 Annual Meeting 


THURSDAY MORNING, AUGUST 9 
~ AAEA Presidential Address: “Rural and Community 
Development,” Kenneth R. Tefertiller, University 
of Florida 
Invited Address: “Conflicts, Consistencies, and In- 
` consistencies of the Agricultural Policies of the 
North American Nations,” George Brandow, The 
Pennsylvania State University 
A Canadian Response: J. C. Gilson, University of 
Manitoba 


THURSDAY AFTERNOON, AUGUST 9 
‘Bectioual Meeting 1: Firm and Farm Management 
Literature: A Historical Perspective 
Chairman: Lee Martin, University of Minnesota 
_ Paper: “Firm Efficiency Analysis,” Ben French, Uni- 
versity of California (Davis) 
Paper: “Farm Management,” Harold Jensen, Uni- 
“versity of Minnesota 
Sectional Meeting 2: Grain Marketing Methods in 
the United States and Canada 
Chairman: T. K. Warley, University of Guelph 
Paper: “Grain Marketing Methods in Canada—The 
Theory, Assumptions and Approach,” M. W. Men- 
zies, Winnipeg, Manitoba 
Paper: “Grain Marketing Methods in the U.S.A.— 
The Theory, Assumptions and Approach,” Leon- 
ard W. Schruben, Kansas State University 
Sectional Meeting 3: Grain Handling and Transpor- 
tation 
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Chairman: Roy E. Huffman, Montana State Univer- 


sity 

Paper: “A Rationalization Model for the Canadian 
Grain Handling and Transportation Systems,” 
E. W. Tyrchniewicz and R. J. Tosterud, Univer- 
sity of Manitoba 

Paper: “Grain Movement—Barge and Rail Competi- 
tion,” O. Sorenson, Kansas State University 

Sectional Meeting-4: The Farm Machinery Industry 
in Canada and the United States 

Chairman: George Irwin, USDA-ERS, North Caro- 
lina State University 

Paper: “The Report of the Canadian Commission,” 
Clarence Barber, University of Manitoba 

Seminar 1: Public and Private Sector Issues for 
Sparsely Settled Communities and Regions 

Chairman: B. Delworth Gardner, Utah State Univer- 
sity 

Session 1.1: 
munities” 

Session 2.1: “The Pricing and Allocation of Publicly 
Owned Resources” 

Seminar 2: Structural Control of Agriculture and the 
Food System 

Chairman: Kenneth R. Krause, USDA-ERS, Wash- 
ington, D.C. 

Session 2.1: “Who Will Control Agriculture: Impli- 
cations of Structural Change” 

Session 2.2: “The Problems of Value Determination 
of Agricultural Commodities” 

Session 2.3: “Structural Effects of Federal Income 
Taxes” 


“Economics of Sparsely Settled Com- 
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THURSDAY EVENING, AUGUST 9 
Fellows Address 
Paper: D. Gale Johnson, University of Chicago 
Awards Program 
Chairman: Bernard F. Stanton, Cornell University 


FRIDAY MORNING, AUGUST 10 


General Session 

Invited Address: “Natural Resources and Environ- 
mental Quality,” Robert Haveman, University of 
Wisconsin 

Invited Address: “Manpower Potential—North 
American Continent,” David Hopper, Interna- 
tional Development Research Agency, Ottawa, On- 
tario 

CAES Presidential Address: Gerald I. Trant, Canada 
Department of Agriculture 


FRIDAY AFTERNOON, AUGUST 10 

AAEA Business Meeting 

Sectional Meeting 5: Agricultural Adjustment-Se- 
lected Programs and Approaches 

Chairman: Walton J. Anderson, Canada Department 
of Agriculture, Ottawa, Ontario - 

Paper: “The Cotton Industry in the Southwest 
USA,” Robert Firch, University of Arizona 

Paper: “Agricultural Development Policies and Pro- 
grams in Canada,” D. H, Plamt, Canada Depart- 
ment of Agriculture, Ottawa, Ontario 

Paper: “Farm Labor and Agricultural Income,” 
Brian Perkins, Canada Department of Agriculture, 
Ottawa, Ontario 

Sectional Meeting 6: Managerial Information Data 
Systems 

Chairman: Charles Beer, USDA-FES, Washington, 
D.C. 

Paper: “Managerial Information Data Systems in 
Canada,” R. C. Nicholson and G. E. Lee, Univer- 
sity of Saskatchewan 

Paper: “Managerial Information Data Systems in 
the U.S.” Ludwig Eisgruber, Purdue University 

Sectional Meeting 7: Minority Problems and Agri- 
culture 

Chairpersons: Percy R. Luney and Anne E. Ham- 
mil, Office of Equal Opportunity, USDA, Wash- 
ington, D.C. 


Paper: “Migration Patterns of Minorities in the 
U.S.” Calvin Beale, USDA-ERS, Washington, 
D.C. 


Paper: “The Role of the 1890 Colleges and Universi- 
ties in Research on Minorities Problems,” T. T. 


Williams, Southern University, Baton Rouge, 
Louisiana 
Paper: “Traditional Graduate Admission Standards 


as Constraints to Increasing the Supply of Black 

Professional Agriculturalists: The Florida Experi- 

ence,” Carlton G. Davis, University of Florida 
Seminar Session 3: Forest Economics 
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Chairman: Richard McConnen, Montana State Uni- 
versity 

Seminar Session 4: Agricultural Extension: The U.S. 
and Canadian Experience Compared 

Chairpersons: Henry Wadsworth, Purdue University, 
and Brock Whale, University of Saskatchewan 


Frmay Eveninc, Aucust 10 


Industry and International Dinner 
Speaker: Ambassador William Pearce 
University Reunion Parties 


SATURDAY MORNING, AUGUST 11 

Sectional Meeting 8: Public Sector Research and 
Education and the Agri-Business Complex: Un- 
holy Alliance or Socially Beneficial Partnership? 

Chairman: Dale Hathaway, Ford Foundation and 
Michigan State University 

Paper: Harold Breimyer, University of Missouri 

Paper: Alex F. McCalla, University of California 
(Davis) 

Paper: An Industry Economist 

Panel Discussion 

Sectional Meeting 9: Water Resource Development 
and the North American Continent 

Chairman: E. Roy Tinney, Canada Department of 
Energy, Ottawa, Ontario 

Special Feature: A discussion session, date and time 
to be announced, chaired by James D. Shaffer, 
Michigan State University 


CONTRIBUTED PAPERS SESSIONS 
OF THE AAEA ANNUAL MEETING 


Contributed papers sessions will be scheduled in 
the following topic areas: 
1. Farm and Firm Management 
2. Marketing and Price Analysis (Roti Inputs and 
Commodities) 
3. Rural and Community Develontuent 
4. Natural Resource Economics 
5. Economic Policy Including Agricultural Policy 
and International Trade 
. Methodology 
. General Agricultural Economics 
. Extension Education 
. Ethnic Problems in U. S. and Canadian Agricul- 
ture 
Authors of contributed papers should submit the . 
proposed titles to the Chairmen of the contributed 
papers sessions by May 1. Finished manuscripts 
must be in the hands of the Chairmen by June 15. 
Each author should indicate the topic area in which 
he would like to present his paper. Because of sched- 
uling problems, no individual will be scheduled to 
present more than one contributed paper at the 
meetings. 
Co-Chairmen of the contributed papers sessions 
are: 


Dr. David H. Boyne 


OND 
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Dr. Francis E, Walker 

Department of Agricultural Economics and Rural 

Sociology 

“The Ohio State University 

2120 Fyffe Road 

Columbus, Ohio 43210 

Papers presented in the contributed papers ses- 
sions will be reported by title and author in the Pro- 
ceedings Issue of the AJAE. Authors of contributed 
papers are invited to submit their manuscripts to the 
Editor of the AJAE to be considered for publication. 
Such manuscripts will be subject to the normal re- 
view process. 


1973 
NOMINEES 
FOR OFFICES OF THE AAEA 


PRESIDENT 


James Nielson, Washington State University 
Luther Tweeten, Oklahoma State University 


DIRECTORS 
I 


B. Delworth Gardner, Utah State University 
and 
Howard F. Robinson, North Carolina Agricultural 
and Technical State University 


II 
Charles E. Erickson, Cargill, Inc., Minneapolis 


and 
Glenn E. Heitz, Federal Land Bank of St. Louis 


WESTERN RESOURCES CONFERENCE 


The 15th Annual Western Resources Conference, 
with the theme “Salinity: A Critical Review of 
Causes and Control,” will be held at the University 
of Colorado, Boulder, July 9-11, 1973. The Confer- 
ence, through expert speakers and workshop groups, 
will assess the state of the art of diagnosing causes 
and designing efficient controls over growing salinity 
in water supplies. National and international prob- 
lems will be addressed. 

Further announcements and program will be forth- 
coming. For further information, write: Bureau of 
Conferences and Institutes, Division of Continuing 
Education, University of Colorado, Boulder, Colo- 
rado 80302. 


ENERGY, GROWTH, AND POLLUTION 


On July 16-18, 1973, a Sem-Shop on Energy, 
Growth, and Pollution will be sponsored by the De- 
partments of Geology and Economics, Ohio Univer- 
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sity. For details contact R. K. Koshal, 315 Copeland 
Hall, or Workshop Office, 301 Tupper Hall, Ohio 
University, Athens, Ohio 45701. 


AGRICULTURAL PRODUCTIVITY IN ASIA 


Twenty-one agricultural economists and other spe- 
cialists participated in a February 6-9, 1973, confer- 


-ence at the East-West Center, Honolulu, Hawaii, on 


“Measuring the Growth in Agricultural Productivity 
in Asia.” The conference was sponsored by the 
East-West Food Institute, the Economic Develop- 
ment Center of the University of Minnesota in St. 
Paul, the Agricultural Development Council, and the 
Asian Productivity Organization, and was coordi- 
nated by Drs. Nicolaas Luykx and Vernon Ruttan. 


FORD FOUNDATION GRANTS AWARDED 


The Ford Foundation has awarded grants to 13 
universities in the United States and Canada through 
a competition to encourage research on problems 
common to advanced industrial societies. Six grants 
were made at or near the maximum award of 
$150,000 to Massachusetts Institute of Technology, 
Emory University, Princeton University, Rutgers 
University, Carnegie-Mellon University, and the Uni- 
versity of California (Los Angeles). Seven grants of 
$50,000 each were made to the University of Florida, 
University of Mississippi, City University of New 
York, University of Illinois, Northwestern Univer- 
sity, Ohio State University, and the University of 
Montreal. 


FAR WESTERN AGRICULTURAL HISTORY 


“Agriculture in the Development of the Far West” 
is the theme for a three-day symposium to be held 
on the Davis campus of the University of California, 
June 1974. The University, USDA, and the Agricul- 
tural History Society among others are sponsoring 
the meeting and a program of papers which will be 
printed in a special issue of Agricultural History. 
The intention is to present a scholarly and interdisci- 
plinary program including papers that show how ag- 
riculture has been involved in western development 
(land, water, technoloy, labor, marketing, policies, 
resources for historical study, etc.). To ask informa- 
tion or offer suggestions, contact the Agricultural 
History Center, University of California, Davis, 
California 95616. 


NEW PH.D. PROGRAM 
The School of Agricultural Economics of the Uni- 
versity of Guelph has been authorized to offer a Pa.D. 
degree program in agricultural economics. The pro- 
gram has been in effect since July 1, 1972. 
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AAEA COMMITTEE STRUCTURE, 1972-1973 
ÅWARDS COMMITTEE 
B. F. Stanton, Chairman, New York, 1972 


Distinguished Undergraduate Teacher Award 


Jobu Goodwin, Chairman, Oklahoma State, 1971 
David Armstrong, Michigan State, 1970 

Robert L. Christensen, Massachusetts, 1970 
David Downey, Purdue, 1972 (student) 


Thomas L. Frey, Nebraska, 1971 

Russell McDonald, California Polytechnic, 1972 
(student) 

Eddie Miller, Oklahoma State, 1972 (student) 

Jack C. Thompson, Georgia, 1970 £ 


Distinguished Extension Program and Publications Awards 


Jean B. Wyckoff, Chairman, Oregon State, 1970 
John S. Bottum, ERS, USDA, 1970 

William M. Carroll, Pennsylvania State, 1971 
Martin K. Christianson, Minnesota, 1971 


Duane E. Erickson, Ilinois, 1971 

Roger Johnson, North Dakota State, 1972 
Henry Meenan, Arkansas, 1970 

Gordon Rose, South Dakota State, 1972 


Published Research Awards 


J. A. Seagraves, Chairman, North Carolina State, 
1970 

W. R. Butcher, Washington State, 1970 

Dale E. Butz, FS Services, 1971 

George Capel, North Carolina State, 1972 

Ralph Kline, Virginia Polytechnic, 1972 

B. V. Lessley, Maryland, 1970 


Donald S. Moore, Texas A & M, 1971 

W. C. Motes, EDD, ERS, USDA, 1970 

Brian B. Perkins, Canada Dept. of Agriculture, 1971 
Schlomo Reutlinger, Washington, D.C., 1971 

Gene Swackhammer, FCA, 1971 

R. G. Walsh, Colorado State, 1972 

John Wildermuth, Arizona, 1972 


Master’s Thesis Awards 


Robert W. Herdt, Chairman, Illinois, 1970 
David J. Allee, Cornell, 1970 

B. W. Bobst, Kentucky, 1972 

Ray Brokken, Oregon State, 1972 
Jobannes Delphendahl, Maine, 1972 
James R. Gray, New Mexico State, 1971 
H. C. Lampe, Rhode Island, 1972 


Tsoung-Chou Lee, Connecticut, 1971 

Steve Lytle, Clemson, 1971 

Doug Morris, New Hampshire, 1972 

Wallace Rehberg, Washington State, 1970 

Edward H. Ward, Montana State, 1971 ; 
T. T. Williams, Southern University, Louisiana, 1970 


Doctoral Dissertation Awards 


Joseph C. Purcell, Chairman, Georgia, 1969 
Dan W. Bromley, Wisconsin, 1970 

Rachel Dardis, Maryland, 1972 

Kenneth D. Duft, Washington State, 1972 
Bernard Erven, Ohio State, 1972 

Donald E. Farris, Texas A & M, 1970 


Marvin Hayenga, Michigan State, 1971 
Gordon King, California-Davis, 1972 
George M. Ladd, Iowa State, 1971 
Frank Orazem, Kansas State, 1970 
Gary Seevers, Washington, D.C., 1972 
Fred H. Tyner, Mississippi State, 1970 


PROFESSIONAL ACTIVITIES 


Luther T. Wallace, Chairman, California, 1971 
Charles Erickson, Cargill, Inc., 1968 
Raymond O. P. Farrish, Connecticut, 1970 

R. J. Hildreth, Farm Foundation, 1971 

Linley E. Juers, ERS, USDA, 1971 


Lester V. Manderschied, Michigan, 1969 
James S. Plaxico, Oklahoma State, 1970 
Lyle P. Schertz, ERS, USDA, 1970 
Henry A, Wadsworth, Purdue, 1970 


EDUCATIONAL 


Lester V. Manderschied, Chairman, Michigan State, 


1972 
Timothy M. Hammonds, Oregon State, 1972 
John Helmberger, Minnesota, 1969 


Paul Kelley, Kansas State, 1972 

John G. McNeely, Jr., Texas A & M, 1970 
Fred A. Mangum, North Carolina State, 1969 
Eldon E. Weeks, ERS, USDA, 1971 


EXTENSION AFFAIRS 


Henry A. Wadsworth, Chairman, Purdue, 1970 
John S. Bottum, ERS, USDA, 1971 
William Carrol], Pennsylvania State, 1972 


George Casler, Cornell, 1972 
Kenneth D. Duft, Washington State, 1971 
W. Neill Schaller, Farm Foundation, 1970 
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INDUSTRY ADVISORY 


Charles E. Erickson, Chairman, Cargill, Inc., 1968 

Paul Baumgart, Safeway Stores, Inc., 1970 

W. E. Christian, Uncle Ben’s Inc., 1971 

Glenn E. Heitz, The Federal Land Bank of St. Louis, 
‘1970 : 

Gerald `G. Quackenbush, American Dairy Associa- 


tion, 1970 , 
Vernon Schneider, Am. Inst. of Cooperation, 1970 
Claud L. Scroggs, Southern States Cooperative, Inc., 
1970 
Raymond E. Seltzer, Dunlap and Associates, 1970 
Ronald Warfield, Central Soya, Inc., 1972 


INTERNATIONAL 


Lyle P. Schertz, Chairman, ERS, USDA, 1970 
Norman Collins, Ford Foundation, 1972 

Louis M. Goreux, Washington, D.C., 1971 
Clive Harston, Texas A & M, 1972 

Earl O. Heady, Iowa State, 1970 

Nicolaas Luykx, East-West Center, 1970 


Max Myers, South Dakota State, 1970 
Wyn F. Owen, Colorado, 1968. 

O. J. Scoville, Kansas State, 1972 
Eldon D. Smith, Kentucky, 1969 
Anthony M. Tang, Vanderbilt, 1970 


Avcprr 


James E. Criswell, Chairman, Kentucky, 1970 


Fred E. Justus, Jr., Kentucky, 1970 


BIBLIOGRAPHICAL 


Lee M. Day, Chairman, Pennsylvania State, 1969 ` 
Fred H. Abel, ERS, USDA, 1969 
W. Darcovich, Canada Dept. of Agriculture, 1970 


J. Edwin Faris, Washington State, 1970 
Ivan Schmedemann, Texas A & M, 1972 
John T. Scott, Ilinois, 1972 


DmECTORY 


Robert W. Rudd, Chairman, Kentucky, 1969 
Clifton B. Cox, Armour & Co., 1969 


John C. Redman, Kentucky, 1969 
Wesley B. Sundquist, Minnesota, 1969 


Economic STATISTICS 


James T. Bonnen, Chairman, Michigan State, 1969 
R. James Hildreth, Farm Foundation, 1969 
George G. Judge, Illinois, 1969 


George S. Tolley, University of Chicago, 1969 
Harry C. Trelogan, SRS, USDA, 1970 
Quentin M. West, ERS, USDA, 1972 


EMPLOYMENT SERVICES 


Loys L. Mather, Chairman, Kentucky, 1968 
David H. Boyne, Ohio State, 1969 
Carleton Dennis, Agway, Inc., 1972 


Dale E. Hathaway, Michigan State, 1971 
Melvin R. Janssen, EDD, ERS, USDA, 1969 
Howard Robinson, North Carolina State, 1972 


FeLLows ELECTION 


Maurice M. Kelso, Chairman, Tucson, Arizona, 1968 
Karl Fox, California, 1972 
Glenn L. Johnson, Michigan State, 1970 


Nathan M. Koffsky, Chevy Chase, Maryland 1969 
Don Paarlberg, USDA, 1971 


INSTITUTIONAL MEMBERSHIP 


Sherwood O. Berg, Chairman, Minnesota, 1971 

S. Kent Christensen, National Assn. of Food Chains, 
1965 

Joseph H. Marshall, Cotton Producers Association, 
1970 


Charles R. Sayre, Staple Cotton Cooperative Associ- 
ation, 1965 

Raymond E. Seltzer, Dunlap & Associates, 1970 

Lauren K. Soth, Des Moines Register and Tribune, 
1965 

Roy G. Stout, Coca-Cola, Atlanta, Georgia, 1970 


INVESTMENT 


John C. Redman, Chairman, Kentucky, 1969 
Dale E. Butz, FS Services, 1970 


C. D. Kearl, Cornell, 1958 


MEMBERSHIP 


_ John Lee, Chairman, ERS, USDA, 1972 


John Redman, Kentucky, 1970 
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_ _ NOMINATING 
Vernon W. Ruttan, Chairman, Minnesota, 1972 O. J. Scoville, Kansas State, 1972 
John O. Gerald, MED, ERS, USDA, 1972 Wesley Seitz, Ilinois, 1972 
William Lanham, Clemson, 1972 Frederick J. Smith, Oregon State, 1972 
Martin T. Redfern, Arkansas, 1972 Gene L. Swackhammer, FCA, 1972 
Posrwak LITERATURE Review 
Lee R. Martin, Chairman, Minnesota, 1967 Maurice M. Kelso, Tucson, Arizona, 1967 
John P. Doll, Missouri-Columbia, 1968 J. Patrick Madden, Pennsylvania State, 1969 
Peter G. Helmberger, Wisconsin, 1969 Edward W. Tyrchniewicz, Manitoba, 1969 
Glenn L, Johnson, Michigan State, 1967 Melvin L. Upchurch, Florida, 1967 
l STUDENT AFFAIRS 
Donald J. Epp, Chairman, Pennsylvania State, 1970 Frank H. Osterhoudt, New Mexico State, 1971 
Daniel D. Badger, Oklahoma State, 1970 Joseph Richter, Alberta, 1972 (Host School Liaison) 
Sydney James, Iowa State, 1972 Edward W. Tyrchniewicz, Manitoba, 1971 
John W. Nixon, Georgia, 1971 Kenneth E. Wing, Maine, 1972 


AAEA Boarp MEMBER LIAISON 
W. B. Sundquist, Minnesota, 1972 


TELLERS 
Bruce R. Beattie, Chairman, Kentucky, 1970 A. Frank Bordeau, Jr., Kentucky, 1970 


VISITING PROFESSOR 


R. J. Hildreth, Chairman, Farm Foundation, 1969 Jobn E. Thompson, South Dakota State, 1969 


Emiel W. Owens, Houston, 1969 Andrew Vanvig, Wyoming, 1969 


AAEA Representative to the Agricultural Development Council, 
Research and Training Network Program ( ADC/RTN) 


Lyle Schertz, ERS, USDA 


AAEA Representative to the American Society of Agronomy 
(Mutual appointment with the American Society of Agronomy) 
C. R. Hoglund, Michigan State 


AAEA Representative to Council for Agricultural Science and Technology 
George E. Brandow, Pennsylvania State 


AAEA Representative to the National Bureau of Economic Research 
Harold G. Halcrow, Dlinois 


AAEA Representative to the National Research Council 
George E. Brandow, Pennsylvania State 


AAEA Representative to the Bureau of Census 
Advisory Committee on Agricultural Statistics 


James T. Bonnen, Michigan State 


ASA-AAEA Joint Advisory Committee on Agricultural Statistics 
James T. Bonnen, Chairman, Michigan State ` Dean McKee, Deere & Co. 
George C. Judge, Illinois 


U. S. Council of the International Association of Agricultural Economics 


Vernon W. Ruttan, Chairman, Minnesota Max Myers, South Dakota State 
Harold F. Breimeyer, Missouri Melvin L. Upchurch, Florida 
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AAEA Representative to Allied Social Science 
Associations Winter Meetings 
S. H. Lane, Guelph 


o i AJAE Evaluation 
Stephen Smith, Chairman, Wisconsin Stanley Seaver, Connecticut 


Gordon A. King, California-Davis Herbert Stoevener, Oregon State 
William Motes, EDD, ERS, USDA Earl Swanson, Illinois 
Claud Scroggs, Southern States Cooperative George Tolley, University of Chicago 


i H. A. Wadsworth, Purdue 
AAEA Student Affairs Evaluation ` 


James S. Plaxico, Chairman, Oklahoma State Lester V. Manderschied, Michigan State 
Emerson M. Babb, Purdue Jobn Sjo, Kansas State 
Donald J. Epp, Pennsylvania State Walter J. Wills, Southern Ilinois 


James G. Kendrick, Nebraska 


News Notes 


UNIVERSITY OF ARKANSAS 


ReASSIGNMENTS: Harold M. Bone has completed 
his M.S. degree and is working for the Federal 
Land Bank in Wichita, Kansas; Tommy Couch 
has completed his M.S. degree and will be a grain 
merchandiser with Central Soya, Inc., Decatur, In- 
diana, 


UNIVERSITY OF CALIFORNIA, DAVIS 

Leave: Hoy F. Carman, sabbatic leave until No- 
vember 30, 1973, to undertake research on prob- 
lems of marketing New Zealand meat products, 
with emphasis on export market, at Palmerston, 
North, New Zealand. 


THE UNIVERSITY OF CHICAGO 

Honor: On December 29, 1972 Theodore W. 
Schultz became the 6th recipient of the Francis 
A. Walker Medal of the American Economics As- 

© sociation. The Medal is awarded every five years 
to an economist making outstanding contributions 
in his field. Schultz is in charge of two major stud- 
ies, to appear in the Journal of Political Economy, 
sponsored and financed by the National Bureau of 
Economic Research and the Population Council. 


CLEMSON UNIVERSITY 

APPOINTMENTS: Kenneth J. Roberts, Ph.D. Oregon 

-© State, assistant professor; C. Stassen Thompson, 
Ph.D. University of Kentucky, assistant professor. 


COLORADO STATE UNIVERSITY 
APPOINTMENT: Phillip Knox, assistant professor. 


CORNELL UNIVERSITY 


APPOINTMENT: Dennis R. Lifferth, Ph.D. Iowa 
State, assistant professor, 


ECONOMIC RESEARCH SERVICE, USDA 
(EDD, Economic Development Division; ESAD, 
Economic and Statistical Analysis Division; FDCD, 
Foreign Demand and Competition Division; FDD, 
Foreign Development Division; FPED, Farm Pro- 
duction and’ Economics Division; MED, Marketing 
Economics Division; NRED, Natural Resource Eco- 
nomics Division.) 





APPOINTMENTS: Clifford Carmen, ESAD; Max 
Jordan, EDD, appointed Chief of Human Re- 
sources Branch, EDD; Frederick Linse, ESAD; 
Myles Mielke, FDCD; Gerald Plato, ESAD; 
Gerald Rector, ESAD; Henry C. Trainor, 
FDCD; Randolph Zeitner, ESAD. i 

REASSIGNMENTS: Rodney C. Kite, MED-Lafayette, 
Indiana, to ESAD-Washington, D.C.; Charles E. 
Overton, MED-Lafayette, Indiana, to MED- 
Washington, D.C.; Leon B. Perkinson, EDD- 
East Lansing, Michigan, to EDD-Raleigh, North 
Carolina; Daniel Piper, NRED-East Lansing, 
Michigan, to NRED-Lincoln, Nebraska; James G. 
Vertrees, MED, to Office of the Secretary. 

RESIGNATIONS: Peter Ashton, NRED-Berkeley, 
California, to Forest Service, Washington, D.C.; 
Ronald Drake, NRED-Washington, D.C., to De- 
partment of Commerce; Meyer Harron, ESAD- 
Washington, D.C., to Treasury Department. 


ECONOMICS 
CANADA 


APPOINTMENTS: Thomas Bennett, marketing and 
trade division; Walter T. Burns, named Associate 
Director, Farm Management Division; Sean Bun 
Chin, assistant research economist; C. T. 
(Chuck) Craddock,: research economist; Arnold 
J. de Leeuw, trade policy economist; Zuhair A. 
Hassan, working in demand analysis and con- 
sumer economics; D. H. Hedley, branch commod- 
ity manager for oilseeds; Glen Hildreth, Interna- 
tional Liaison Service; H. B. (Bruce) Huff, 
branch commodity manager for beef; T. C. Kerr, 
feed grains and branch programs; Brian B. Per- 
kins, policy advisor; Wendy Smith, assistant re- 
search economist; Dennis Ware, Economics 
Branch representative to the Research Branch’s 
Planning and Co-ordination Group, co-ordinator 
for professional recruitment, and associate direc- 
tor of Research Division. 


BRANCH, AGRICULTURE 


UNIVERSITY OF FLORIDA 

APPOINTMENTS: Donald L. Brooke, professor, as 
acting head of the Department of Food and Re- 
source Economics, replacing Kenneth R. Tefertil- 
ler, professor, appointed Vice President for Agri- 
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, cultural Affairs, Institute of Food and Agricultural 
Sciences; Wen-Shyong Chern, Ph.D. California- 
Berkeley, assistant professor; James A. Niles, 
Ph.D. California-Davis, assistant professor. 

ReassignMent: W. K. Boutwell, Florida Board of 
Regents, to Vice Chancellor of Florida State Uni- 
versity System. 

RESIGNATION: J. Richard Conner, assistant profes- 
sor, to the Florida Board of Regents, Division of 
Planning and Analysis. 

RetTrREMENT: Daniel E. Alleger, associate profes- 
sor, after 27 years of service. 


UNIVERSITY OF GUELPH 

APPOINTMENTS: Tim Josling, visiting professor on 
leave from the London School of Economics; 
Wen-Fong Lu, Ph.D. Manitoba, post-doctoral 

` fellow; Roger Mauldon, on leave from the Uni- 
versity of Western Australia, as consultant to Can- 
farm and associated graduate faculty member; 
Jay Strom, Ph.D. Purdue, has joined Canfarm 
Farm Management Systems as liaison between Can- 
Farm and the School of Agricultural Economics 
_and Extension Education; Neil Sturgess, on leave 

' from the University of Melbourne, visiting profes- 
sor, 

Leave: Murray A. MacGregor, professor, to the 
University of Edinburgh for one year. 

RESIGNATION: Robert Batterham, assistant profes- 
sor, to the University of Sydney. 

Return: Jack H. Clark, associate professor, from 
two year leave of absence in Malaysia as agricul- 
tural economist with the Canadian International 

~. Development Agency, Pahang Tenggara Regional 
Master-planning Study. 


UNIVERSITY OF HAWAII AT MANOA 

Awanp: Chennat Gopalakrishnan, associate pro- 
fessor, to begin a Senior Fellowship at the East- 

. West Food Institute July 1 to study the legal, eco- 
nomic, and institutional aspects of fisheries and 
marine resources management, 


UNIVERSITY OF ILLINOIS 
APPOINTMENT: David A. Lins, assistant professor. 


IOWA STATE UNIVERSITY 


RESIGNATIONS: A, Gordon Ball, professor of eco- 
nomics and associate director of the Center for 

_ Agricultural and Rural Development, to become 
associate dean of the College of Agriculture, Uni- 
versity of Guelph; Stephen E. McGaughey, as- 
sistant professor on the Jowa-Peru project, to ac- 
cept a position with the International Develop- 
ment Bank, 


UNIVERSITY OF MANITOBA 


APPOINTMENTS: Charles F. Framingham, for- 
merly of the Planning and Priorities Committee of 


Am. J. Agr. Econ. 


Cabinet, Manitoba, as associate professor; Daryl 
F. Kraft, Ph.D. candidate Michigan State, assis- 
tant professor. 

Leaves: Om P. Tangri, sabbatical leave 1972-73 
academic year and January-June 1973 appoint- 
ment as Honorary Research Fellow in Economics, 
Harvard University; Martin H. Yeh, to Santiago, 
Chile with the United Nations Economic.Commis- 
sion for Latin America for two years. 


UNIVERSITY OF MINNESOTA 


ResicnNation: Osama A. Al-Zand, to the Canada 
Department of Agriculture, Ottawa. 


UNIVERSITY OF MISSOURI 

Leave: Joseph C. Headley, sabbatical leave: Sept. 
1-Dec. 1, guest professor at The Agricultural Col- 
lege of Norway, Vollebekk; Dec. 1—April 1, visit- 
ing professor at the Institute for Economics and 
Statistics at Upsala, Sweden; April 1—-Aug. 1, vis- 
iting professor at the Agricultural College of Den- 
mark. ; 

REASSIGNMENT: Robert E. Zellner, Ph.D. Univer- 
sity of Missouri, from Post Doctoral Fellowship, 
University of Guelph, to Economic Analyst, Cana- 
dian Bell Telephone Company, Montreal. 


OKLAHOMA STATE UNIVERSITY 

APPOINTMENTS: Mike L. Hardin, Extension Farm 
Management Associate; Stephen A. Onti, visitiing 
professor from University of Ibadan, Ibadan, Ni- . 
geria, one year. 

Resicnation: Alan- R. Tubbs, to First Central 
Bank, DeWitt, Iowa. 


OREGON STATE UNIVERSITY 

APPOINTMENT: James B. Fitch, A.A. Stanford 
University, assistant professor; Harvey A. Meier, 
Ph.D. Ohio State, assistant professor and Exten- 
sion marketing/management specialist. 

REASSIGNMENT: Joe B. Stevens has accepted half- 
time appointment to the staff of the Western Re- 
gion Area Development Research Center and con- 
tinues as associate professor in the Department of 
Agricultural Economics for the balance of his 
time. 

PURDUE UNIVERSITY S 

APPOINTMENTS: Otto C. Doering IM, assistant 
professor; Bruce A. McCarl, assistant professor; 
Frederick W. Obermiller, assistant professor. 

Resignation: William G. Bursch, to Experience, 
Incorporated, as staff economist, Minneapolis, 
Minnesota, 


STANFORD UNIVERSITY 


AprorntMents: W. Whitney Hicks, as visiting as- 


sociate professor from University of Missouri-Co- 
lumbia, academic year 1972-73; Wuu-Long Lin, 
Ph.D. candidate Stanford, as research associate. 
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UNIVERSITY OF TENNESSEE 

APPOINTMENT: Larry C. Morgan, assistant profes- 
sor, 

Leave: James G. Snell, to Center for Agricultural 
Marketing Development, FAO, Tehran, Iran, for 
one year, 


WASHINGTON STATE UNIVERSITY 

Leave: Walter R. Butcher, to University of Wis- 
consin as visiting professor, January through May 
1973. j 


UNIVERSITY OF WISCONSIN-MADISON 


APPOINTMENTS: Richard L. Barrows, Ph.D. Uni- 
versity of Wisconsin, assistant professor; Melville 
L. McMillan, assistant professor; Hans P, Peter- 
son, Ph.D. University of Wisconsin, Project Asso- 
ciate. 

REASSIGNMENTS: Marvin P, Miracle will be in the 
Central Province of Kenya conducting research on 
innovations in agriculture under a Ford Founda- 
tion grant until June 1974; Hugh L. Cook will 
head the Department of Agricultural Economics, 
University of Ife, Western State, Nigeria, for two- 
three years under a Wisconsin/USAID contract, 


THE UNIVERSITY OF WYOMING 


Resicnation: Rollo L. Ehrich, professor and agri- 
cultural economist, to USAID/Lima, Peru. 


OTHER APPOINTMENTS: 


‘Howard B. Anderson, M.S. Purdue, grain merchan- 
diser, Tabor & Co., Peoria, Ilinois. 

Edgardo Barandiaran, Ph.D, Minnesota, Facultad 
de Economia, Universidad Catolica de Chile, San- 
tiago, Chile, 

Aldo Louis Biondolillo, Ph.D. Minnesota, profes- 
sor, Facultad de Ciencias Economicas, Universidad 
de Cuyo, Mendoza, Argentina. 

Calvin L. Brints, Ph.D. Minnesota, area economist, 
Agricultural Extension Service, Texas A & M, El 
Paso, 

A. John DeBoer, Ph.D. Minnesota, Faculty of Agri- 
culture, University of Queensland, Australia. 

James J. Fritz, M.S. Purdue, supply officer, USAF. 

G. William Goldiniger, Jr., M.S. Missouri, partner- 
ship manager in 1000 acre grain, hog, cattle farm, 
Hannibal, Missouri. 

Parman R. Green, M.S. Missouri, fieldman, Federal 
Land Bank, Omaha, Nebraska, 

Gary Edwin Gries, M.S. Missouri, market analyst, 
Agricultural Chemicals Division, ICI America, 
Wilmington, Delaware. 

Jerry Joe Kropf, Ph.D. Missouri, Extension live- 
stock marketing, Montana State University. 

Paul F. Langewisch, M.S. Missouri, fieldman, Fed- 
eral Land Bank, St. Louis, Missouri. 

Chang L Lin, M.S. Purdue, Instructor, National 
Taiwan University, Taiwan. 
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James C, Lowe, Ph.D. Wisconsin, to the Economic 
Branch, Canada Department of Agriculture, Regi- 
na, Saskatchewan. 

Karl D. Meilke, Ph.D. Minnesota, assistant profes- 
sor, University of Guelph. 

Jeffrey L. Miller, M.S. Purdue, dairy research and 
analysis coordinator, Purdue University. 

Mohammed Sulieman, Ph.D. Missouri, associate 
professor, University of Arkansas-Pine Bluff. 

William W. Wade, Ph.D. Minnesota, economic ana- 
lyst, Standard Oil Company of California, San 
Francisco. 


OBITUARIES 
Albert O. “Bob” Follett, 78, emeritus assistant pro- 
fessor, University of Wisconsin, died November 
10, 1972. 
Follett was a faculty member of the Depart- 
ment of Agricultural Economics at Wisconsin 
from December 1935 to his retirement in Decem- 
ber 1959, Recognized as a pioneer in the develop- 
ment of farm managed associations throughout 
Wisconsin, he served as Extension Economist in 
Farm Management. Upon graduation from the 
University of Wisconsin in 1928, he spent two 
years as fieldman for a detailed cost accounting 
route and five years as a county agricultural agent 
in northern Wisconsin. Follett received the Purple 
Heart in France during World War I. 


Willie Solomon Hutson, 52, economist in the U. S. 
Department of Labor, died of cancer on January 
4, 1973 in Knoxville, Tennessee. 

He had been ill for more than a year but contin- 
ued working until three months before his death. 
Hutson was born in Tennessee and attended Milli- 
gan College before receiving his B.S. at the Uni- 
versity of Tennessee. He received the M.S. from 
the University of Kentucky and did additional 
graduate studies at the Universities of Wisconsin 
and Minnesota. He served as coordinator of the 
Northeast Regional Livestock Marketing Research 
Committee and then as Coordinator of the South- 
ern Regional Poultry Marketing Research Com- 
mittee. Prior to his Labor Department assignment, 
he was a statistician in the U. S. Department of 
Commerce. He was married to the late Viola Wi-. 
lis Hutson and is survived by his son Willis Frank 
Hutson and one sister. He is remembered by his 
friends for his good humor and friendly concern. 


Elmer L. Sauer, professor emeritus of the Univer- 
sity of Illinois, died on August 16, 1972. He was 
born in Sedalia, Missouri, in April 1910, but spent 
almost all his life in Ilinois. 

Sauer earned three degrees at the University of 
Illinois: B.S. in 1931, M.S. in 1934, and Ph.D. in 
1947. Always greatly interested in soil and water 
conservation, he was a founder of the Soil Conser- 
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vation Society of America and served that organi- 
zation in many capacities over the years. He was 
elected a Fellow of the Society in 1955 and was 
national president in 1960. From 1936 to 1950, he 
held a USDA appointment in the Soil Conserva- 
tion Service and was a recipient of the USDA 
Award for Superior Service in 1956. 

In 1961 Sauer joined the Cooperative Extension 
Service of the University of Ilinois and served as 
leader of a project on Community and Public Af- 
fairs. He was active in rural development work at 
the national, state, and local levels. In 1967 he was 
a Fulbright Visiting Professorat the University of 
the West Indies, Trinidad, 


Will M. Simmons, 55, USDA economist, died of a 
heart attack on November 28, 1972, while visiting 
relatives in Florida. He had been on sick leave for 
about six months prior to his death. 

Widely known as an authority in commodity 
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analysis, Simmons had 19 years service with 
USDA. During the past 16 years, he had been with 
the Economic Research Service, serving succes- 
sively as Head of the Fruit and Vegetable Section, 
Chief of the Commodity Analysis Branch, and 
Deputy Director of the Economic and Statistical 


. Analysis Division. 


He was born and received his early education in 
West Florida, graduating magna cum laude from 
the University of Florida in 1942, He served four 
years in the Navy during World War II, then took 
his M.S. and Ph.D. degrees from Cornell Univer- 


‘ sity. Before joining USDA, he worked as assistant 


professor of agricultural economics at Comell and 
as a commodity analyst with a private investment 
firm. 

Simmons is survived by his wife, Mildred Gas- 
que Simmons of Springfield, Virginia, two chil- - 
dren, one grandchild, and one sister. 
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DOCTORAL DEGREES IN AGRICULTURAL ECONOMICS 
CONFERRED IN 1972, BY SUBJECT AREA 


CATEGORIES 


I. Agricultural Economics, General 

H. Agricultural Finance, Capital, Credit 

HI. Agricultural Income 

IV. Agricultural Labor; Rural Manpower 

V. Agricultural Products: Demand, Supply, Prices 
VI. Cooperatives and Cooperation 

VII. Economic Development, Growth and Planning 
VIII. Environmental Economics 

IX. Food and Consumer Economics 

X. General Economics 

XI. Human Resource Development 

XII. Industrial Organization 

XIII. Marketing and Location 

XIV. Natural Resource Economics 

XV. Production Economics and Management 
XVI. Public Policy Programs 

XVII. Regional Economics 

XVIII. Research Methodology . 

XTX. Rural Appraisal and Taxation 

XX. Social Welfare and Socioeconomic Change 
XXI. Technological Change 

XXIL Other (Specify) 


I. AGRICULTURAL Economics, GENERAL 


Gustavo Adolfo Nores, Certified Public Accountant, 
University of Cordoba, 1965; M.S. Purdue Uni- 
versity, 1969; Ph.D. Purdue University, Quar- 
terly Structure of the Argentine Beef Cattle Econ- 
omy: A Short-Run Model, 1960-1970. 


I. AGRICULTURAL FINANCE, CAPITAL, CREDIT 


Marvin R. Fausett, B.S. University of Missouri, 
1961; M.S. University of Missouri, 1970; Ph.D. 
University of Missouri, An Empirical Study of the 
Economic Growth and Capital Formation on Se- 
lected Missouri Dairy Farms. 

Richard S. Fenwick, Jr., B.S. Colorado State Uni- 
versity, 1962; M.S. Colorado State University, 
1965; Ph.D. University of Missouri, Capital Ac- 
quisition-Strategy For Missouri Farm Supply 
Cooperatives. 

James Bruce Hottel, B.S. Oklahoma State Univer- 
sity, 1958; M.S. Oklahoma State University, 
1960; Ph.D. Texas A&M University, An Analysis 
of the Financial Structure and Financial Manage- 
ment Practices of Rice Producers in the Coastal 
Prairie of Texas. 

David Aloysius Lins, B.S, University of Wisconsin, 
1966; M.S. University of Wisconsin, 1968; Ph.D. 
University of Illinois, An Analysis of Sources and 

~ Uses of Funds in the Farm Sector of the United 
States. 

Harvey Alexander Meier, B.S. Washington State 
University, 1966; M.S. University of Arizona, 
1968; Ph.D. Ohio State University, Agricultural 


Lending Attitudes, Practices and Activities of 
Ohio Commercial Bankers. 

Charles A. O'Dell, B.S. Texas Technological Col- 
lege, 1960; M.S. Texas Technological College, 
1962; PhD. University of Maryland, A Simula- 
tion of Long-Run Adjustment Patterns in Capital 
Formation in the Grain Handling and Storage In- 
dustry, 1960-1975. 

P. Lucio Scandizzo, Graduate, University of Na- 
ples, 1965; M.S. University of California at 
Berkeley, 1970; Ph.D. University of California at 
Berkeley, International Capital Movement and 
Economic Growth. 


DI. AGRICULTURAL Income 


Ronald Jay Hanson, B.S. Western Illinois Univer- 
sity, 1968; M.S. University of Illinois, 1970; 
Ph.D. University of Illinois, An Economic Analy- 
sis of Off-Farm Income as a Factor in the Im- 
provement of the Low Farm Income Farmers in 
THinois. 


IV. AGRICULTURAL Lasor; Runa, MANPOWER 


Eliseu Roberto de Andrade Alves, B.S. UREMG, 
1954; M.S. Purdue University, 1968; Ph.D. Pur- 
due University, An Econometric Study of the Ag- 
ricultural Labor Market in Brazil: A Test of Sub- 
sistence and Commercial Family Farm Models. 

Mark S. Freeland, B.S. Iowa State University, 
1966; M.A. University of Wisconsin, 1969; Ph.D. 
University of Wisconsin, Determinants of the. In- 
cidence of Work Limitations Associated with 
Chronic [lness and Impairments. 

Richard B. Smith, B.S. University of Missouri, 
1964; M.S. Iowa State University, 1969; Ph.D. 
Iowa State University, Pay Packages and Employ- 
ment Conditions of Farm Employees in Eastern 
Towa. 


V. AGRICULTURAL Propucts: DEMAND, SUPPLY, 
Prices 


Robert Anderson, B.S. University of Guelph, 1967; 
Ph.D. Michigan State University, Michigan’s Pur- 
ple Plum Industry. 

Choeng-Hoy Chung, B.A.S. University of Malaysia, 
1966; M.A. University of Wisconsin, 1968; Ph.D. 
University of Wisconsin, Interregional and Inter- 
national Economic Analyses of the World Feed 
Grain Economy in 1980 with Emphasis on the 
U. S. North Central Region. 

Hardev Singh Dhaliwal, B.A. Mahendra College, 
1959; B.S. Utah State University, 1963; M.S. 
Utah State University, 1965; Ph.D. Oregon State 
University, An Econometric Investigation of De- 
mand Interrelationships Among Tree Nuts and 
Peanuts. 

Osman Abdul-Rahman Hakim, B.S. University of 
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Khartoum, 1959; M.S. University of Arizona, 
1962; Ph.D. University of Arizona, The Effects of 
the United States Cotton Policy on the World 
Market for Extra-Long Staple Cotton. 

Richard C. Hoyt, B.S. Kansas State University, 
1962; Ph.D. University of Minnesota, A Dynamic 

_ Econometric Model of the Milling and Baking In- 
dustries. 

Robert D. Hunt, B.S. University College of Dublin, 
1965; M.A. University of Minnesota, 1971; Ph.D. 
University of Minnesota, Tke Contrasted Effects 
of Quota, Autarky, and Free Trade on U. S. Beef 
Production and Prices. 

Ivar Kristiansland, B.S. Agricultural College of 
Norway, Aas, Norway, 1959; M.S. University of 
Oslo, Norway, 1963; Ph.D. Michigan State Uni- 
versity, An ‘Analysis of Intraseasonal Potato 
Prices. 

Puraficacion Ofia MacDonald, B.S. University of 
the Philippines, 1961; M.S. University of Hawaii, 
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EDITOR'S NOTE: The dramatic rise in food prices in the United States during the past yeát 
has serious implications for national economic policy, traditional agricultural policy, and the 
agricultural economics profession. Because of the importance and timeliness of the food price 
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and solicited the following three papers. These were written as a critique and broadly based 
discussion of the 1973 Economic Report of the President and the Annual Report of the Council 


of Economic Advisers. 


A Discussion’ oF THE 1973 Economic Report of the President 
“The Food Price Problem 


G. E. BRANDOW 


N the Council of Economic -Ad- 
\ \ j visers wrapped up its annual report [2] 
in January 1973, food prices were rising 


faster than at any time since 1951. In seven 
months retail food prices had increased 4.6 per- 


cent, wholesale prices of processed foods and 


feeds 11.3 percent, and farm food prices 13.0 
percent. Although food prices had risen less 
than all other items collectively in the Con- 


sumer Price Index since the base year 1967,. 


food was easily the most conspicuous problem 
in the government’s recent efforts to control 
inflation. With a number of important wage 
negotiations coming later in the year and an 


evident desire on the part of the Administration. 


to end price and wage controls, the much pub- 
licized increase in consumers’ food bills was 
extremely troublesome. 

When this article was written in April 1973, 
further changes in the highly volatile situation 
had given the writer the benefit of some hind- 
sight that the Council did not have when it 
wrote the Report. By the time of publication, 
more things will be known that could only be 
guessed at in- January. The appropriate ques- 
tion to consider, one should remember, is 
whether the Council’s analysis and proposals 
` were well conceived when made at the turn of 
` the year. 


The Report on Food and Prices 


Price and wage controls, the Council said, 
had been invoked because at the stage of eco- 
nomic recovery reached in August 1971, the 


1 Data are given for January 1973 at several points in this 
article. It is assumed that although the Council did not 
have the exact figures when it wrote its report, it knew 
their approximate values. 
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rate of inflation might well accelerate. “ [I]t 
should be clear that the price rises then en-. 
visaged for the period ahead would not be the 
direct result of excess demand. The price and . 
wage increases would not be equilibrating in 
the sense that they would be necessary to 
raise output into balance with demand and 
attract workers. Firms would have been willing 
to produce more at existing prices, and workers 
would have been willing to supply their labor 
at existing wages, if they could not raise them” 


` [2, p. 52]. “Farm product prices were exempted — 
‘because they did not conform to the pattern 


upon which the controls system was based .... 
[D Jetermined in highly competitive markets, 

. they adjust continually to equate the 
quantities demanded and supplied. To repress 
the price increases in those markets would 
create shortages and rather than increase sup- 
ply would probably reduce it” [2, p. 151]. 

The Council concluded that controls had 
been generally effective: “In the period since 
the August 1971 policies were instituted there 
has been a dramatic deceleration in the rate of 
inflation” [2, p. 30]. A GNP price index with 
fixed weights showed a 5.2 percent- increase 
from the second quarter of 1970 to the second 
quarter of 1971 and a 3.6 percent annual rate 
of increase between then and the fourth quarter 
of 1972. The strong advance in personal in- 
come—10.5 percent between the fourth quar- 
ters of 1971 and 1972—-was discussed but given 
surprisingly little weight as an explanation of 
inflation. A passage on food prices [2, pp. 39- 
40] was an exception to the general tone; rising 
income was recognized to have increased de- 
mand for income-elastic foods and to have 
caused “a strain on the available supply of 


beef, pork, and certain dairy products.” Mainly, 


however, the increase in food prices was at- 
tributed to unfavorable circumstances of sup- 
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ply and to strong export demand [2, pp. 39-40, 
57-59, 78-79, 154], as follows: 


1. A cyclical low in pork production and a 
less-than-expected increase in béef production 
because cattlemen were retaining more stock 
for expansion of herds. Additionally, the sub- 
stitution in the 1960’s of crop controls without 
acreage diversion for controls that permitted 
diversion was said to have slowed down expan- 
sion of meat production. 

2. Adverse weather reduced fruit and vege- 

table production sharply. 

' 3.: Partly for the foregoing reasons, farm food 
production declined 2.2 percent in 1972 (a pre- 
liminary estimate later revised to 3.1 percent). 

4. Reduced food production in Russia, 
China, and India much expanded exports of 
farm commodities by the U. S. 

_5., Devaluation of the dollar and inflation 
abroad raised import prices, a development 
not ‘specifically: put forth in explanation of 
higher food prices but presumably ‘applicable 
to some. 

6. Though price spreads between farmers 
and consumers were controlled most of the time 
- for most foods, there was some room for wider 
processor-distributor margins. USDA’s market 
basket statistics showed at the time, however, 
that almost all-of the increase in retail prices of 


domestically produced farm foods after August 


- 1971 had gone to farmers. 
The Council’s Report built a case for the 
. broad relaxation of price and wage controls an- 
`. nounced for Phase III in January 1973. The 
original control program was intended to be 
- temporary, the Council said. The program had 
done much to reduce. expectations of inflation 
domestically; and internationally, “by the 
end of 1972 the American anti-inflation policy 
‘had become the marvel of the rest of the world. 
. . Largely because of this change the rest of 
.the world is willing to hold increasing amounts 
of dollars” [2, p. 63]. The program had in- 
‘volved some costs; these had been small so far, 
‘but they were likely to be greater in 1973 if 
the same controls were continued. “The con- 
ditions at the opening of 1973 permitted and— 
if the system was to survive and succeed—re- 
quired a relaxation of these forms of the sys- 
tem. This is the basic philosophy .of Phase 
TIT” [2, p. 81]. 
Phase II controls on food processing and 
distribution margins were continued, with 
slight modifications, because.of the concern 
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about rising food prices. The Report also 
pointed to measures taken to expand supply of . 
food and to limit further price advances [2, p. 
79]. These included USDA actions to bring 
more cropland into production in 1973, to free 
up government owned or financed stocks of 
commodities, and to suspend remaining food 
export subsidies. The Cost of Living Council 


‘had been directed to review USDA adminis- 


tative actions affecting food supplies and prices. 
_ A lag in the effect of supply-increasing mea- 
sures on retail food prices was acknowledged 
but not elaborated upon. A comment, neutral 
in tone, was made about plans to utilize a just- 
available report by the National Commission 
on Productivity on ways to improve produc- 
tivity in- food production and distribution. 
Expecting that food prices would rise less in 
1973 than in 1972 and that cooperation would 
be obtained with its Phase IIT price and wage 
standards, the Council announced a goal of. 
having the annual rate of inflation as measured 
by CPI down to 2.5 percent or less by the end 
of 1973 and the unemployment rate down to 


_ about 4.5 percent. 


General Price Situation 


Food prices are the center of attention here, | 
but a few comments about the general price ' 
situation as seen by the Council seem war- - 
ranted. 

Since the Council found it necessary to re- 
sort to rate-of-change charts to make the slow- 
ing-down of inflation under the New Economic 
Policy readily discernible to the naked eye, 
calling the effect on inflation “dramatic” in- ` 
volved a certain amount of poetic license. The 
tendency toward hyperbole -was most pro- 
nounced in describing the American anti- 
inflation policy as the marvel of the world. 
Scarcely had the Report appeared when -the 
alleged willingness of other countries to hold 
dollars evaporated and the dollar was again de- 
valued. The rhetoric is less disturbing than the 
false’ confidence about so important a matter 

as the strength of the currency. 

The “Council’s rationale for imposing “wage 
and price controls in August 1971 had a good 
deal of validity. The Council’s contention that 
the economy was less vulnerable to cost-push 
inflation in January 1973 than it had been in 
August 1971, however, is hard to accept. The 
unemployment rate had fallen from 6.1 to 5.0 
percent, and manufacturing was operating at 
about 80 percent of capacity rather than about 
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75 percent. Labor unions and firms in concen- 
trated industries surely feel more confident of 
their power in a situation like early 1973 than 
in one like 1971. The Council’s arguments that 
apprehensions about future inflation had 
diminished and that the economic climate was 
more conducive to moderate demands by labor 
for higher wages were shaky grounds upon 
which to base its conclusions. 

The price rise between mid-1972 and Jan- 
uary 1973 was not confined to foods but ex- 
tended to some other products produced by 
unconcentrated industries with fairly inelastic 
supplies. Leather, steel scrap, wool, and—less 
markedly—lumber were examples of products 
whose prices were rising more than average. 
The implications might well be that demand- 
pull effects were beginning to assert them- 
selves and, given the expected expansion of 
money demand, could induce substantial in- 
flation in the coming year. Demand-pull and 
cost-push effects are not clearly separable: 
conditions favorable to demand-pull are also 
favorable to cost-push, and higher payrolls 
generated by administrative escalation of 
wages add to demand. The Council’s opinion 
that cost-push inflation was at least partially 
pinched off and that demand-pull was not yet 
much of a threat was optimistic. 

Too little attention had been given in most 
economic analyses, including those of the 
Council, to the inflationary implications of 
dollar devaluation when prices in industrial 
nations were rising strongly. That foreign trade 
amounts to only about 5 percent of GNP is no 
assurance that inflationary pressures trans- 
mitted from abroad through a depreciating 
currency will not be strong. This point is 
particularly relevant to agriculture, for which 
foreign trade is more important than for the 
economy as a whole, 

One is left puzzled by the exact reasons why 
the Council argued for the substantial backing- 
off from controls represented by Phase III. Did 
the Council genuinely believe that the threat 
of inflation had materially diminished? Did it 
see demand-pull inflation building up and not 
want (understandably) to contend with it with 
a program designed to impose mild restraint on 
cost-push inflation? Did it believe that con- 
trols did more harm than good if long con- 
tinued and wanted to abandon them, as orig- 
inally intended, regardless of the price situa- 
tion? Perhaps something of all of these was 
involved. 
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Causes of the Food Price Rise 


Reasons given by the Council for the increase 
in food prices between mid-1972 and January 
1973 were generally correct. Probably. too little 
emphasis was placed on rising demand, which 
had been phenomenal for beef for some time. 
The food stamp plan may have had something 
to do with the high demand for meat in the 
past two years although not necessarily with 
the price increase in late 1972. Some evidence 
suggests that stamps have been used to buy 
more expensive diets at least as much as to buy 
more nutritious diets; higher-income families’ 
demand for meat is presumably strongly in- 
elastic, and meat is not diverted to low-income 
families without an appreciable increase in 
price. The Council’s argument that the farm 
programs in effect after the mid-1960’s were 
more restrictive, indirectly, on cattle produc- 
tion than the earlier programs was not par- 
ticularly convincing. 

The difficult thing to explain about food 
prices was the intensity rather than the direc- 
tion of the change in late 1972. Scarcely anyone 
had correctly anticipated the extent of the 
price rise—certainly not this writer. When such 
surprising things happen, one wants to reex- 
amine his ideas about economic relationships 
in the market; other developments, e.g., the in- 
crease in per capita food consumptions after 
the mid-1960’s, reinforce the desirability of 
appraising whether events can satisfactorily be 
explained by past quantitative relationships. 
The Report gives little impression that such 
questions had been raised. The Council’s staff 
is small, of course, but presumably it can draw 
upon the expertise of the Economic Research 
Service in USDA. 


Holding Down Food Prices 


At the time the Report was issued, rising 
food prices realistically threatened to escalate 
wage demands in forthcoming labor negotia- 
tions and to give the wage-price spiral fresh 
impetus. The food situation could be crucial, 
therefore, to the timing of the next surge of 
inflation of industrial prices. But this would be 
only an episode in the longer-term course of 
inflation in the United States. When one con- 
siders the broad price-making forces at work in 
the United States, inflation abroad, devalua- 
tion of the dollar, and such special circum- 
stances as the energy shortage, the 1973 food 
situation seems a minor variable in determining 


388 / Branpow 
where the Consumer Price Index might be a 
few years later. 

The Council looked to expansion of supply as 
the principal means of holding down food 
prices. Large stocks of feed grains and wheat in 
CCC inventory or under loan in mid-1972, to- 
gether with the 60 million or so acres for which 
farmers received set-aside payments, had given 
USDA enormous power to influence market 
supplies and prices. The Council expressed no 
opinion as to whether the measures recently 
taken by USDA to increase output would 
prove to be adequate. One sees only a subdued 
suggestion of the tug of war that must have 
gone on between the Council and the Secretary 
of Agriculture about food policy, but one gets 
the impression that the Council was not as- 
suming even indirect responsibility for the 
projected farm program for 1973 as it then 
stood. 

Surely, expanding domestic production ap- 
peared at the time of the Report to be the most 
promising means of holding down food prices. 
The effects of program changes on supplies and 
consumer prices could not be great in 1973, 
but there seemed to be much potential for in- 
creasing feed grain and soybean crops that 
year. This would reduce feed prices, and the 
level of livestock and poultry prices reached in 
January 1973 was sufficient to induce expanded 
production of such products after 1973 if feed 
prices could be kept down. Supplies and prices 
of pork, poultry, and eggs, and to a lesser ex- 
tent prices of beef and dairy products, ap- 
peared to be responsive in 1974 and later to 
practicable measures to increase crop produc- 
tion in 1973, 

Removal or reduction of import barriers was 
another potential means of affecting prices of 
certain foods. Tight markets for meat in other 
countries, traceable in large part to circum- 
stances similar to those in the United States, 
made this approach not a promising one for the 
most important class of foods. The limited effect 
of the suspension of beef import quotas in mid- 
1972 had already demonstrated the small re- 
lief to be expected from foreign meat supplies. 
With prices of manufacturing milk above sup- 
port levels, reduction of import barriers on 
dairy products, especially cheese, might have 
some impact. Consistent with its noncommittal 
stance on food supply policy, the Council did 
not discuss the possibility of going beyond steps 
already taken to reduce import restrictions. 

Possible administrative controls on demand 
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for U. S. food exports included curtailing credit 
assistance on commercial sales abroad, pulling 
back on P.L. 480, and outright quotas on food 
exports. As the Council indicated, export sub- 
sidies on foods had already been removed, but 
no other potential measures were discussed. 
One outcome of dissatisfaction with high food 
prices may well be restriction of the terms on 
which food aid is given abroad, mainly through 
P.L. 480, and at home, mainly through food 
stamps. 

Export quotas raise complex questions. 
Domestic supplies of feed grains, wheat, and 
soybeans could be made ample for any nearby 
domestic need by refusal to export. But the 
U. S. has a large foreign trade deficit, an un- 
favorable balance of payments, and huge 
amounts of liquid claims against it abroad. 
Would restricting (not eliminating) farm ex- 
ports reduce foreign exchange earnings? Not 
if short-run export demand is inelastic, as may 
be the case.? But what about foreigners’ will- 
ingness to hold dollars and the international 
cooperation needed for stability if the U. S. 
limited the usefulness of dollars by restricting 
exports? If further devaluation was forced, the 
long-run consequences for food prices in the 
United States might outweigh a temporary 
respite achieved by export quotas. Thus, in- 
directly as well as directly, the weakness of the 
dollar made control of inflation difficult. 

The Council’s argument against continua- 
tion of Phase II controls strongly suggested that 
ceilings on food prices were given little con- 
sideration. Continuation of controls on food 
margins in Phase III was as far as the Council 
was willing to go in recognition of inflationary 
forces at work on foods. Probably margin con- 
trols of the type used had little effect on either 
farm or retail prices. A & P’s frantic effort to 
reverse the decline in its share of the retail 
market by aggressive price discounting perhaps 
did more to hold down food margins than did 
the New Economic Policy in any of its phases, 

Price ceilings, the Council said, would reduce 
production. As already suggested here, how- 
ever, ceilings on meat and poultry prices at 
January 1973 levels probably would have had 
little effect on reducing output in the next year 
or two if feed prices could be brought down by 
enlarged supplies. A more serious short-term 


1 John Schnittker argued for this position in early 1973 
and proposed export controls if world food supplies tight- 


ened further. 


August 1973 


difficulty with ceilings that materially reduced 
prices might well be a need for formal ration- 
ing. Unless enlarged supplies soon brought 
market prices down, the government might 
find that in rationing it had on its hands an 
unenforceable and widely unpopular program. 


Improving Food Production and Marketing 


Rising prices often turn public attention to 
potential improvements in production, process- 
ing, and distribution that would be useful to 
make under any circumstances. The range of 
types of improvements is wide, for example: 
standardization of packages and shipping con- 
tainers to facilitate handling and warehousing, 
fuller use of rail car and truck capacity, eradica- 
tion of labor union restrictions on more efficient 
delivery methods and on meat cutting, aboli- 
tion of promotion and related costs of no value 
to consumers, and elimination of oligopolistic 
and collusive practices tending to raise prices. 
Frequently, however, the potential percentage 
reductions in consumer prices are exaggerated, 
at least by implication; it is not recognized that 
such gains, where achieved, are one-time price 
reductions and offer only temporary relief from 
continuing inflation; and the built-in resistance 
by interest groups to change and the length of 
time required for results are underestimated. 

Society is well served by such improvements, 
but they rarely can be considered potent weap- 
ons against inflation. It is no derogation of a 
preliminary staff report by the National Com- 
mission on Productivity [1], issuéd soon after 
the Economic Report was published, to say 
that the foregoing generalization applies to it. 
If concern about inflation brings effective ac- 
tion along lines suggested in the Commission 
report, inflation will not have been all bad. 

Though not mentioned by the Council, a 
similar hope is that technological advances will 
lower prices or moderate price increases. The 
possibilities over, say, a decade probably are 
much more significant than the gains to be 
made by improving the operation of the food 
system without technical progress. But the 
gains seldom can be forced and are not much 
responsive to price. Substantial advances have 
not prevented inflation in the past. For the 
future, measures to protect the environment 
and to ensure food safety may add to costs of 
production and inhibit use of some output-in- 
creasing technology. Measures to make the 
terms on which labor is employed in agriculture 
more like those in industry may also add to 
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food production costs. In numerous respects, 
the nation faces trade-offs, not gains every- 
where. 


Operation of the Farm Program 


USDA had a little time, but not much, in 
which to relax acreage controls on winter wheat 
after the size and probable effect of the Russian 
wheat sale became apparent. To expect that 
such a move to keep prices down would be 
made by a Secretary of Agriculture in an elec- 
tion year assumes less regard for politics than 
any Secretary is likely to have. But as expec- 
tations of high prices began to spread even to 
feed grains, which were in ample supply for the 
1972 crop year, USDA might reasonably have 
been expected to announce that, so far as pos- 
sible, the farm program would be operated in 
1973 to provide adequate supplies at early 1972 
prices. Such an intention probably would have 
exerted some check on the rise of grain and even 
soybean prices and would have made feed 
prices somewhat less discouraging to hog and 
poultry producers planning future production 
in the winter of 1972-73. 

Relaxation of restraints on 1973 crop acreage 
was made in a series of steps suggesting that 
USDA did not want to be accused by farmers 
later on of over-reacting to pressure from con- 
sumers. Until very late, little margin was pro- 
vided for the possibility of bad weather or less 
return of set-aside acres to production than ex- 
pected. But another risk existed, namely, that 
crop production would be short in 1973 and 
that the resulting public dissatisfaction would 
make it impossible to extend any form of the 
Agricultural Act of 1970 beyond 1973. The 
need for the farm program to work both ways— 
to protect farmers against the penalties of ex- 
cess production and consumers against avoid- 
able shortages—was becoming apparent. 


Some Questions For Economists 


The food situation at the time the Council 
prepared its report was a rare combination of 
circumstances producing price consequences 
that few economists fully anticipated or could 
adequately explain as events unfolded. Does 
this mean that our information about the cur- 
rent magnitudes of the relevant elasticities 
needs revision? Probably yes, in part. But it 
may also be a striking demonstration that the 
conceptual models we use are overly mechanis- 
tic and incomplete. Is the retail price that clears 
the market for beef or pork at any one time 
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sharply defined? Is what we speak of as the 
price or income elasticity of demand in a par- 
ticular market really a parameter, or is it 
merely an approximation of a value that varies 
erratically over a substantial range? Is the 
joint effect of several price-making variables 
materially different from that usually inferred 
from their separate effects? Can the psychology 
of markets influence prices even of perishable 
foods for months at a time? In short, can a 
better understanding of short-term market be- 
havior be developed, and will it require a more 
flexible conceptual approach? 

An entirely different set of questions relates 
to prospects for food supply and demand in the 
future and to implications for agricultural 
policy. Will farm production capacity in years 
to come generally be excessive or deficient? 
We are familiar with the consequences of excess 
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capacity for resource use and farm incomes, 
but the full meaning of deficient capacity is 
neither self-evident or fully explored. Probably 
two statements can be made with some as- 
surance about future agricultural policy. First, 
whether capacity is, on balance, long or short, 
stabilization of markets from year to year will 
be a matter of considerable concern to the pub- 
lic and to farmers.. Second, since the future is 
highly uncertain, American agricultural policy 
should incorporate strategy capable of dealing 
with any situation likely to develop; commit- 
ment to an assumption either of excess or de- 
ficient capacity could be badly mistaken. What 
a true stabilization policy would be and what 
a strategy for dealing with either excess or 
deficient capacity would consist of are ques- 
tions for which no ready answers are now 
available. 
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Implications for Agricultural Policy* 


James T. BONNEN 


DMINISTRATION actions and announce- 
A ments that followed the 1973 Economic 
Report of the President make it quite 
clear that the rather calm statement on agri- 
cultural policy in the Economic Report and in 
the U. S. Budget were the first official signals 
of several major changes in the Nixon Ad- 
ministration’s policy. One change is a shift 
from a farmer and agribusiness dominated 
policy for food and fiber to a consumer oriented 
food policy. The second major change involves 
a phaseout of certain types of direct govern- 
ment payments, reduction of governmental 
controls, expansion of output, and return of 
the farmer to the vicissitudes of the free market 
combined with a policy of expanding U. S. food 
and fiber exports to capture a larger part of the 
expanding world market. The third change is a 
shift further away from the Department of 
Agriculture as the locus of real power in de- 
cision-making for agricultural policy. These 
proposed changes have both economic and 
political implications. 


Economic Implications © 


The first real evidence of a major change in 
agricultural policy came on release of the U. S. 
Budget on January 29, 1973, and in the Eco- 
nomic Report of the Prestdent which was trans- 


mitted on January 31, 1973. A Presidential — 


message on “Natural Resources and Environ- 
ment” transmitted February 15, 1973, ad- 
dressed itself to agricultural policy. After that, 
one is dependent on press releases and the 
straws that Secretary of Agriculture Butz and 
Secretary of Treasury Shultz have cast into 
the Congressional cave of winds in the form of 
testimony. 

The 1973 Economic Report of the President 
makes it clear that rising agricultural prices 
were viewed by the Administration as the pri- 
mary cause of the increasing rate of inflation 
during Phase II and that they threatened price 
stability in early 1973. The report argued that 


* The author is indebted to Lester V. Manderscheid, Dale 
E. Hathaway, Paul L. Farris, and two anonymous reviewers 
for their contributions to the improvement of the final 
product. 
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an expansion of food supplies was the best way 
to reduce food price increases and that agricul- 
tural policy must be subordinated to the im- 
ala of the fight against inflation [5, p. 56, 
78]. 

The Economic Report summarizes adminis- 
trative decisions that were aimed at expanding 
domestic food supplies and lowering food 
prices and which had been made by the time 
the Economic Report was published [5, pp. 78, 
154]. After the Economic Report was released, 
several additional steps were announced. — 
Briefly, these many separate actions amount to 
the following: f 


1. Imports hare been expanded by suspension 
of import quotas on meat and by sub- 
stantial increases in quotas for nonfat dry 
milk and cheese. 

2. All direct export subsidies on food products 
have been discontinued. 

3. AW government-owned grain stocks are in 
the process of being released into the private 
market. 

4. Farm production is being expanded in 1973 
by releasing about three-fourths of the 60 
million acres diverted in 1972, increasing 
rice allotments, and allowing grazing on 
diverted acreage. 


The early loosening of controls on an adminis- 
trative basis already suggests that a move 
toward some release of present farm controls 
might be given formal policy status in 1973 
agricultural legislation. 

In international trade policy, the Nixon ad- 
ministration counts on expanding agricultural 
product trade to help meet the balance of pay- 
ments crisis, which includes our growing im- 
port needs for fuel and strategic raw materials 
[5, pp. 131, 134, 139]. Even though not ex- 
plicitly stated, they are also obviously counting 
on expanded agricultural exports to sustain de- 


1 Descriptive, analytical, or policy discussions of various 
aspects of agriculture are scattered through every chapter 
of the 1973 Economic Report except Chapter 4, “The Eco- 
nomic Role of Women.” This is almost invariably the case 
since the primary themes of the report are broad and sel- 
dom focus on the economic performance and problems of 
any specific industry. For the relevant discussion on agri- 
culture, see (5, pp. 5-6, 39-40, 56-59, 78-80, 131-139, and 
151-154]. 
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mand and avoid the farm income losses that 
might otherwise eventually follow removal of 
direct production controls and the easing of 
farm programs to a back seat in national policy. 
The costs, of course, accrue in those U. S. 
farm products such as processed dairy foods 
where the U. S. appears not to have any com- 
parative advantage in international trade and 
where the choice must be made between pro- 
tection against imports or exposure to the cold 
winds of international competition. Only the 
latter course is compatible with the aggressive 
' free trade policy in farm products which the 
administration proposes to follow. 

The President’s message on “Natural Re- 
sources and Environment” sets forth his agri- 
cultural policy stating clearly the values and the 
normative social and political goals which the 
Economic Report generally avoids. Presidential 
messages on agriculture (of any administration) 
have a unique flavor worth savoring. On Feb- 
ruary 15, 1973, the President said the following: 
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should, expand their opportunity to exercise 
their strength and independence. 

—-Finally, we need a program that will put the 
United States in a good posture for forthcoming 
trade negotiations. 

In pursuing all of these goals, we will work 
closely through the Secretary of Agriculture, 
with the Senate Committee on Agriculture and 
Forestry and the House Committee on Agricul- 
ture to formulate and enact new legislation in 
areas where it is needed. 

I believe, for example, that dairy support sys- 
tems, wheat, feed grains and cotton allotments 
and bases—some established decades ago—are 
drastically outdated. They tend to be discrimina- 
tory for many farm operators. 

It would be desirable to establish, after a rea- 
sonable transition period, a more equitable basis 
for production adjustment in the agricultural 
economy should such adjustment be needed in 
the years ahead. Direct Federal payments 
should, at the end of the, transition period, be 
limited to the amounts necessary to compensate 
farmers for withholding unneeded land from 


My administration’s fundamental approach 
to farm policy is to build on the forward course 
set by the 1970 Act. These principles should 

` guide us in enacting new farm legislation: 

—Farmers must be provided with greater 
freedom to make production and marketing de- 
cisions. I have never known anyone in Washing- 
ton who knows better than a farmer what is in 
his own best interest. 

—Government influence in the farm com- 
modity marketplace must be reduced. Old 
fashioned Federal intrusion is as inappropriate 
to today’s farm economy as the old McCormick 
reaper would be on a highly sophisticated mod- 
ern farm. 

—wWe must allow farmers the opportunity to 
produce for expanding domestic demands and 
to continue our vigorous competition in export 
markets. We will not accomplish that goal by 
telling the farmer how much he can grow or the 
rancher how much livestock he can raise. Fidel- 
ity to this principle will have the welcome effect 
of encouraging both fair food prices for con- 
sumers and growing income from the market- 
place for farmers. 

—We must reduce the farmer’s dependence 
on Government payments through increased 
returns from sales of farm products at home and 
abroad. Because some of our current methods of 
handling farm problems are outmoded, the 
farmer has been unfairly saddled with the un- 
flattering image of drinking primarily at the 
Federal well. Let us remember that more than 
93 percent of gross farm income comes directly 
through the marketplace. Farmers and ranchers 
are strong and independent businessmen; we 


crop production. 

As new farm legislation is debated in the 
months ahead, I hope the Congress will address 
this important subject with a deep appreciation 
of the need to keep the Government off the farm 
as well as keeping the farmer on. [3] 


In the classical political rhetoric of agricul- 
ture, the President promises to free farmers 
from the oppression of their government. How 
this is to be accomplished is not completely 
clear, but sufficient evidence is provided to 
paint the broad picture. There is a promise to 
shift away from the old allotment system and 
its present historical basis to some unspecified 
but less ‘‘discriminatory” base. Price support 
payments and wheat certificate payments, 
i.e., income support payments, are to be phased 
out (subsequently, we learn over a three year 
period) retaining only the payments made to 
compensate farmers for holding land out of 
production. This, of course, should strengthen 
the Administration’s hand in GATT trade 
negotiations and in pursuing an aggressive 
policy for farm exports. 

The Secretary of Agriculture, testifying 
March 20 before the House Agriculture Com- 
mittee and March 29 before the Senate Com- 
mittee on Agriculture and Forestry, added to 


‘these specifics several other recommendations 


for the Agricultural Act of 1973 [1, 2]. The 
$55,000 payment limitation is to apply only to 
price support payments and wheat certificates 
and is to be scaled down and eliminated over 
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the next three years in proportion as the pay- 
ments themselves are reduced to zero. The im- 
portant point is that there would no longer be 
any payment limitations on diversion pay- 
ments. At the end of three years the idea of 
payment limitation would itself vanish from 
the farm program. The Secretary requested 
that the 75 percent of parity minimum price 
‘support level now in dairy program legislation 
be removed to give the Secretary greater 
flexibility. He also requested that the suspen- 
sion in the 1970 Act of the requirement to 


provide price supports on butter fat be made ` 


permanent. The Secretary’s testimony and the 
State of the Union message taken together 
make it clear that the administration views the 
dairy price support system as totally obsolete. 
Finally, Secretary Butz asked for discretionary 
authority to set payments for wool and mohair 
at any level he determines necessary and that 
the peanut, rice, extra long staple cotton, and 
possibly tobacco programs, which were not in- 
cluded in the 1970 Act, be examined and pos- 
sibly included in the Act of 1973. 

Much of this sounds very familiar. Previous 
Republican administrations have talked a lot 
about freeing the farmer and getting the 
government out of agriculture, but the Nixon 
administration apparently means it. They have 
chosen to include farm income supports (i.e., 
price support payments) in the Administra- 
tion’s long list of programs scheduled to be dis- 
mantled. Production controls are to be put on 
a standby basis. Some farmers and their or- 
ganizations are not sure they favor this. The 
farmer’s distress, of course, is a reaction to un- 
certainty arising from so drastic a change in 
the rules of the game as well as to the suspicion 
(in spite of high farm prices) that they are 
headed back toward the Benson-sponsored 
choice between income and freedom. Some 
agricultural economists have expressed con- 
cern over the potential disorder that could 
follow the attempt to “let go of the bear’s 
tail’—to decontrol agriculture. Since many 
agricultural economists have been saying for 
years that the farm subsidies have gotten out 
of hand and that the support program has 
many deficiencies, why should they be con- 
cerned? 


The conventional post-1960 economic model 


Presumably economists are concerned be- 
cause of their understanding of the nature of 
the demand and supply situation that has pre- 
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vailed in American agriculture for generations 
and their belief that agriculture is funda- 
mentally different from the rest of the American 
industrial structure. It is argued that only in 
agriculture do you find the five general charac- 
teristics usually cited since about 1960 as the 
basis for the uniqueness of agriculture as an 
industry and for public intervention to meet 
the problems generated by these characteristics. 
These are: 


1. A low price elasticity of demand at the 
farm level which in the short run causes 
very great fluctuations in price and thus 
income for relatively modest changes in 
output. 

2. At the high levels of income now common 
in this society, a very low income elas- 
ticity of demand prevails for total farm 
output. As a consequence, demand grows 
very slowly and is generally limited to 
population change. 

3. At the same time, continuing rapid tech- 
nological change tends to shift the supply 
function to the right far more rapidly than 
demand. 

4. This results in a short run downward 
pressure on prices which, given the highly 
atomistic or competitive structure of the 
industry, becomes a long run phenomenon 
that forces the entire industry to a lower 
equilibrium, 

5. Finally, it is argued that resources once 
committed (mistakenly in an ex post view) 
become fixed due to a subsequent di- 
vergence between acquisition and salvage 
prices of these assets. This means that 
once there is an over-commitment relative 
to future market needs, excess capacity 
persists. Given the nature of demand and 
supply, the competitive industrial struc- 
ture, and persistent excess capacity, there 
is a continuing downward pressure on 
prices and income that is chronic. 


The consequence of these characteristics is 
that over time supply shifts to the right faster 
than demand and that the industry exists in a 
condition of chronic low returns. Returning 
agriculture to the free market in the face of such 
economic characteristics would certainly be a 
prescription for economic and political disaster. 


The Administration’s economic model 


What has changed? What makes the Nixon 
Administration think that it can simultaneously 
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succeed in reducing prices, expanding output, 
and sustaining or increasing farm income? Cur- 
rent changes in short run demand and supply 
relationships have placed a substantial upward 
pressure on prices, particularly of meats and 
other high income elasticity food products. The 
real question is whether this is a temporary or 
long term phenomenon. The Administration ap- 
pears to be betting that a permanent change has 
occurred in the economic characteristics of agri- 
culture. That question needs to be examined. 
The domestic demand for food has expanded, 
especially for meats, poultry, and fresh pro- 
duce, as a result of increasing consumer in- 
come. Also in recent years, as a consequence of 
income redistributions, substantially greater 
income has been placed in the hands of low in- 
come consumers. Since 1969, there has been an 
increase in federal food program subsidies of 
over 2.5 billion dollars. Given the high propen- 
sity to increase food demand among low in- 
come families, particularly for livestock prod- 
ucts, it is logical to suggest that a very sub- 
stantial portion of federal food subsidies go to 
an expansion of livestock product demand. 
Other income transfers such as Medicare and 
the large increases in Social Security benefits in 
recent years are also likely to have had sub- 
stantial impact on livestock product demand 
through substitution in low income budgets. 
Demand for food exports from the U. S. has 
also grown rapidly in recent years. Part of this 
export demand in 1972 is due to the temporary 
phenomenon of bad weather in China, India, 
Indonesia, Australia, and especially Russia; 
this has reduced world grain supplies substan- 
tially for 1972. Loss of Peru’s fish protein from 
world markets has compounded this shortage. 
A more permanent increase in demand for 
food is being generated by rapidly increasing 
levels of income.in a number of middle income 
developing countries such as Taiwan, Korea, 
Mexico, Spain, and Portugal. The United 
States, as the world’s primary residual supplier 
of grains, has experienced a substantial in- 
crease in export demand as a consequence. The 
poor crop in Russia occurs at a point in time 
when the Russians appear to have made a 
major policy commitment to higher levels of 
living for the consumer and to greater depend- 
ence on the outside world for the technology, 
capital, and resources needed for Soviet eco- 
nomic development. This suggests a long term 
Russian demand for feed grains, if not some 
food grains. The stability of Russian behavior 
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and policy in such matters must be questioned 
on the basis of past experience. At least this 
time, in the face of an extreme shortage of 
grains, the Russians chose to import feed grains 
rather than slaughter their cattle as they have 
done in every previous instance of major crop 
failure. The long term meaning of the U. $.— 
Chinese detente for agricultural product trade 
simply cannot be assessed clearly at this time. 
But given the level of Chinese development, 
the presumption must be for relatively limited 
and only episodic sales of farm products to 
China. One should keep clearly in mind that 
high world prices can be expected to provide a 
powerful stimulus to the enlargement of agri- 
cultural production capacity in many countries. 

Finally, little has been said yet about the ef- 
fect of two major devaluations of the American 
dollar. We have, for example, as a consequence 
of American devaluation and Japanese upward 
revaluation of the Yen, reduced the cost of 
American products to Japan by about one 
third. Devaluation is a two-edged sword. It in- 
creases foreign demand for American food pro- 
ducts, but it simultaneously creates domestic 
price and cost pressures that in the longer term 
are inflationary and offsetting. Certain food 
exports to Japan, e.g., pork, have already in- 
creased as a direct result of the devaluation. 
In any case, the cost of American agricultural 
products has declined in a number of foreign 
markets. In the longer run, comparative rates 
of inflation in the United States and in other 
countries and the relative rates of change in 
productivity will dominate U. S. export market 
demand. American agricultural productivity 
increases over the next few decades may not 
match the increase in several other countries 
where currently available technologies are not 
as fully exploited as in the U. S. 

On the domestic supply side, food production 
fell 3 percent in 1972 but probably will increase 
some in 1973. In addition, the hog cycle has 
entered its low production phase. 

It is also interesting to note that within this 
crop year the response to program incentives 
appears to have been sluggish. The USDA has | 
obviously been quite surprised at the propor- 
tion of farmers who opted for the full compli- 
ance 25 percent feed grain set aside over the 0 
percent set aside, which had been programmed 
to be more attractive than the former.? This 


2 As a consequence, on March 26 the USDA dropped the 
25 percent set aside requirement to 10 percent to “bring 
feed grain supplies more in line with expected demand” [4]. 
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and other fragmentary evidence suggests that 
the excess capacity of recent years may not 
exist to the degree that it did formerly. 

In specific cases, one can point to evidence 
of commercial farmer inability to expand out- 
put because the labor is not available to oper- 
ate an expanded plant. Many small farm oper- 
ators now earning substantial amounts of in- 
come from off-farm'sources have in the past 
significantly increased their farm operations in 
periods of short supply and substantially rising 
prices. They are not doing so today because 
the off-farm employment opportunities have 
grown to be so much more attractive and 
stable. Part-time farming has itself become a 
rather stabilized way of life for many of those 
who for various reasons did not wish to or were 
unable to adjust to a full commercial operation. 
Now it appears that they do not have the ca- 
pacity or perhaps the desire to expand their 
farm enterprise even in the face of considerable 
price incentive. Economists have long argued 
that one of the best public policies for agricul- 
ture and rural life was a full employment policy. 
Perhaps the changes and adjustments of the 
last several decades have begun to achieve 
some of the objectives that such statements had 
in mind. In any case, we no longer have an 
oversupply of home grown labor, so the oppor- 
tunity cost of labor in agriculture appears to 
have risen. 

Over the last two decades the ease of entry 
into farming has been slowly reduced as capital 
requirements have increased. In addition there 
is current evidence of far less excess machinery 
capacity relative to farm land and labor in 
many highly specialized farm areas. At the 
same time, demand for farm machinery has 
been increasing in recent months, and the 
farmer now faces an eight to 12 month delivery 
time on many major pieces of equipment. The 
used machinery market for one and two year 
old pieces of major equipment has grown ex- 
tremely active and high priced with many of 
the most active bidders being machinery deal- 
ers themselves. 

Pressures of environmental problems have 
also had an impact. Attempts to control vari- 
ous forms of environmental pollution add to 
the cost of production in agriculture, shifting 
the supply function to the left. 

Many changes are obvious. The Adminis- 
tration’s arguments have some factual bite. A 
new equilibrium is at hand. There have been 
substantial increases in demand, both domestic 
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and foreign, relative to supply. Excessive stocks 
have been liquidated, and the slack is gone from 
farm production capacity. Any increase in out- 
put now must come through an expansion in 
plant capacity, and that expansion will not 
occur unless the expected marginal value prod- 
uct of the additional inputs exceeds the ac- 
quisition price. If there ever was a moment in 
recent decades that was auspicious for “turning 
loose of the bear’s tail” of farm controls, this 
would appear to be it. But how permanent are 
these changes? Will we turn loose of the bear 
only to have it turn on us in two to four years? 

The Nixon administration spokesmen seem 
to be saying that there has been a significant 
and probably permanent change in certain of 
the economic characteristics that have kept 
agriculture facing depressed prices and chronic 
low returns. Their policy actions assume that 
demand will be shifting to the right over time 
faster than supply. They clearly assume this 
will be the case over the rest of Mr. Nixon’s sec- 
ond term. 

The most reasonable presumption must still 
be that much of the current change is short run 
and that the discipline of the post-1960’s eco- 
nomic model of agriculture has not been per- 
manently discarded. Until demonstrated other- 
wise, the prudent analyst must assume that 
entry is being made into yet another round of 
the periodic boom and bust cycle in agriculture 
in which farmers are now being induced to build 
additional production capacity in excess of 
some future period’s needs. As acquisition and 
salvage prices diverge significantly, there will 
again be chronic low returns to resources for 
some prolonged period until demand catches up 
with capacity. The presidential elections of 
1976 could be the forum for another rather 
warm farm policy debate, if this turns out to | 
be the scenario. Since the Administration pro- 
poses to retain on a standby basis authorization 
for much the same system of controls as pro- 
vided in the 1970 Act, they prudently hedged 
their bets on their economic model of agricul- 
ture. 


The Political and Organizational Implications 


For agricultural policy, perhaps the most 
single significant long term political implication 
in the 1973 Economic Report of the President is 
to be found in the following paragraph: 


To help assure that the agricultural policies of 
government are consistent with the anti-infla- 
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tion objectives, administrative actions of the 
Department of Agriculture affecting food sup- 
plies and prices will hereafter be subjec. to re- 
view by the Cost of Living Council (CLC). The 
CLC Committee on Food has been set up to 
discharge this function as well as to review or 
initiate other policies and proposals that may 
affect food prices. This can lead to a progressive 
reorientation of agricultural policy to the needs 
of the 1970's. [5; p. 79] 


This and creation of the Council on Eco- 
nomic Policy framework under Secretary of 
Treasury George P. Schultz may well be the 
most significant institutional changes in the 
agricultural policy decision-making structure 
since World War IT. In recent decades the ma- 
jority of agricultural policy decisions were 
usually made at a level no higher than the De- 
partment of Agriculture, and the participants 
extended no further than the agricultural com- 
mittees of Congress, the relevant national 
leadership of the agricultural lobbies, and the 


USDA administrators involved. Only on occa- 


sions in which these parties continued in dis- 
pute or in which the White House saw para- 
mount national interest issues did the White 
House or its agents effectively force their way 
into agricultural decisions. However, in the 
last decade or so the conflict over agricultural 
policy in an increasingly urban Congress has 
grown so great that the Secretary of Agricul- 
ture has often had to have White House polit- 
ical assistance for passage of general farm legis- 
lation. Thus the locus of farm policy decision 
has been slowly drifting toward the White 
House. = 
As a consequence, by the 1970’s the Office 
of Management and Budget (OMB) had ac- 
quired a nearly routine right to review agricul- 
tural policy decisions, especially those which 
had any impact on the budget. The Council of 
Economic Advisors’ (CEA) agricultural econ- 
omist usually participated in this review also. 
Several points of view, beyond USDA concern 
for food and fiber firm welfare, come into focus 
_ in this review. OMB tends to reflect the inter- 
est and viewpoint of the taxpayer. CEA’s views 
are informed by a concern with efficient re- 
source use and policies to promote national 
economic growth and stability. The Council’s 
concern for stability made it the usual, but gen- 
erally ignored, voice of consumer interest in 
agricultural policy. With a major inflation upon 
us, the injection of the Cost of Living Council 
(CLC) into this review of agricultural policy 
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introduces a major vigorous proponent of the 
consumer’s interest in all policies that influence 
food prices. 

Every decision of national policy conse- 
quence in agriculture now must go either to 
OMB (e.g., commodity programs) or CLC (e.g., 
marketing orders) which coordinates and medi- 
ates the inputs of the other White House agen- 
cies. Moreover, the White House is now in a far 
stronger position to initiate action as the CLC 
did in raising cheese import quotas. Unresolved 
issues can be taken to the President’s Assis- 
tant for Economic Affairs, Secretary of Treasury 
George. Shultz, for resolution, and where 
necessary, all the way to the President. More 
symbolically, the administration spokesman in 
press conferences and in testimony on the hill 
on agricultural and food prices during the first 
part of 1973 has more frequently been George 
Shultz than Earl Butz. The Secretary of Agri- 
culture appears not even to have been a party 
to the March 1973 decision to impose wholesale 
and retail price ceilings on beef, pork, and lamb. 
In the Executive Branch, the real power of 
agricultural policy decision making has been 
substantially removed from the hands of the 
agriculturalists. 

Reduced agricultural access to the power of 
decision is believed by many in politics to be 
overdue, since the execution of agricultural 
policy decision making has steadily been drift- 
ing away from the national interest and period- 
ically exhibits great callousness to and ignor- 
ance of the consumer and. national interests in 
farm policy. There are, however, substantial 
dangers in the present situation even from the 
point of view of the national interest. It does 
little good to transfer the power of decision 
from agriculturalists, however self-serving, to 
those who lack adequate knowledge of the food 
and fiber industry. The unskilled surgeon is 
even more dangerous to the patient than the 
one who is unconcerned for the patient’s well 
being. It is one thing in an inflationary crisis 
to assert the dominance of the consumer and 
thus the national interest in keeping food prices 
from running away. That is an emergency polit- 
ical act. However, if the long term management 
of food and fiber policy is to remain totally in 
the hands of White House agencies such as the 
Cost of Living Council, one must be concerned 
for the quality and wisdom of complex policy 
decisions that can be made without a large, 
specialized, and experienced staff. The Cost of 
Living Council is now putting together a staff 


August 1973 


which, even if it is four times the combined 
CEA’s one and OMB’s seven or so persons in 
agricultural policy, still leaves the White 
House well short of an adequate staff with 
which to replace the USDA. 


Conclusion 


The Nixon Administration clearly plans a 
major transformation in U. S. agricultural 
policy. For decades the U. S. has been evolving 
from a producer dominated farm policy to an 
industry oriented total food and fiber policy. 
In the face of the political crisis generated by 
current inflation, the farmer and business in- 
terests of the food and fiber sector are now being 
subordinated to those of the consumer. In ef- 
fect, a consumer food policy now exists. 
Whether it will remain so indefinitely is not 
clear. But experience in such matters suggests 
that a return to the former decision making 
situation is unlikely and that the consumer’s 
voice will remain at least a major input in the 
agricultural policy decision making process. The 
congumer’s voice will certainly remain strong if 
the Administration’s expectations are realized 
and demand continues to press on supplies. 

The Nixon Administration is also asserting 
the importance of international trade and trade 
policy in domestic agricultural policy decision 
making. If the Administration succeeds in mov- 
ing U. S. agriculture to a free market posture, 
with price supports and production controls 
shifted to standby, the role of U. S. farm ex- 
ports will be critical both to farm income and 
to the success of the new public policy for agri- 
culture. After moving in this direction, U. S. 
domestic food and fiber policy can never again 
be formed independently of U. S. trade policy. 

Within the food and fiber industry, different 
groups will react differently to this proposed 
change in policy. Under the agricultural poli- 
cies of the last several decades, there has been 
growing conflict of interest between farmer in- 
come goals (based on restricting farm output) 
and the welfare of other food and fiber firms, 
particularly those marketing farm products, 
where profits are keyed to margins and usually 
depend on expansion of physical volume for any 
improvement. Certainly large food and fiber 
firms that market farm products will tend to 
support any change toward a policy of output 
expansion. Among the farm organizations, the 
American Farm Bureau Federation has long 
been supportive of the kind of policy the Ad- 
ministration is proposing. The National Farm- 
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er’s Union and the National Farmer’s Organi- 
zation are almost certain to be opposed. The 
more pragmatic Grange- position is hard to 
anticipate. Certainly this change in policy di- 
rection will not be greeted with cheers in the 
Democratic dominated agriculture committees 
of Congress, because of partisan political 
reasons and because many of the commodity 
groups with whom the senators and congress- 
man must work are likely to be very leery of 
facing the income uncertainties of the new 
policy. Dairy interests and other groups that 
must meet even greater import competition 
will be vociferously opposed. Wheat, feed 
grain, and other groups with major export in- 
terests should be supportive, while the rice 
people will as usual oppose all change on prin- 
ciple. How this will work out in Congress is 
dificult, if not impossible, to assess at this 
point in early May of 1973. 

To enforce this policy transformation, the 
Executive Branch decision structure for agri- 
cultural policy has been transformed, probably 
in some degree permanently. The Council of 
Economic Advisors, the Office of Management 
and Budget, the Cost of Living Council, and 
the Council on Economic Policy now intervene 
as primary forums within which all economic 
policy decisions are looked at from various 
aspects of national interest. This cuts through 
the classical cabinet agency-clientele dominated 
decision process. Neither agricultural policy 
nor any other national economic policy decision 
making process will ever be quite the same 
again. Whether this leads to improved or more 
rational national economic and agricultural 
policies remains to be seen. 


Subsequent Events and Observations? 


Traditionally, many congressional agricul- - 
tural committee staff functions, particularly in 
policy and program evaluation, have been per- 
formed by the staff of the U. S. Department of 
Agriculture at the direction of the committees. 
In centralizing the Executive Branch decision 
process in recent years, the Nixon Administra- 
tion has acted to limit if not halt most cabinet 
agency communication and cooperation with 
committees of Congress. In effect, the Nixon 
White House has stripped the USDA of its free- 
dom to act on policy both in the Executive 

3 The galleys of this article arrived for editorial review 
July 30, 1973. By this time the situation in Congress was 
clear and so unusual that additional comment was felt 
necessary. 
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Branch and in Congress and has denied Con- 
gress its traditional access to USDA staff ca- 
pacity. This tends to short circuit the action 
agency-clientele-congressional committee domi- 
nated decision triangle that has for so long pro- 
- vided the means of locking the President (and 
on occasion even the Secretary of Agriculture) 
out of specific policy decisions. 
However, the White House, having acquired 
nearly exclusive power of Executive decision 
and having formulated a responsible and 
thoughtful agricultural policy position, then 
totally abdicated its legislative leadership role. 
In April and May as the White House was more 
and more deeply implicated in the Watergate 
burglary, a conscious decision appears to have 
been made in the White House to expend no 
Presidential political capital in Congress to ob- 
tain enactment of the Administration’s well 
formulated legislative goals in food and fiber 
policy. As a consequence the administration’s 
legislative proposals were given no serious con- 
sideration in Congress since the Administration 
was unwilling politically to support its own pro- 
posals. In short, the White House by its own 
actions created a power vacuum in food and 
fiber policy in Congress. 
Into that vacuum, the farm commodity in- 
terests moved. Congressional Committees and 
‘individual congressmen, denied the usual 
USDA staff support for their own policy analy- 
‘sis and development and in the absence of ag- 
gressive executive branch policy leadership, be- 
came quite vulnerable and nearly totally de- 
pendent upon the specialized farm commodity 
lobbies. There was neither staff policy analysis 
nor alternative political forces present to pro- 
vide a countervailing force to commodity inter- 
ests in Congressional negotiations. The Senate 
produced a bill by late June which the Secretary 
of Agriculture immediately endorsed as if it had 
been his own creation. One wonders if the Office 
of Management and Budget, the Cost of Living 
Council, or the Council of Economic Advisors 
shared his enthusiasm. 
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The potential legislative outcome of its own 
deliberations were so distressing to the House 
Agriculture Committee that in late June and 
early July, it was reported that members of the 
Committee pleaded repeatedly with the White 
House for a statement threatening a Presiden- 
tial veto if the House passed legislation with 
price targets at the very high levels then under 
consideration in the House Committee. A re- 
luctant and not entirely credible statement was 
finally elicited. The House and Senate have now 
acted, and 1973 agricultural legislation is in 
Conference Committee. The Senate Bill par- 
ticularly can be described as a victory for the 
specialized commodity interests and a step 
backward in intelligent policy for agriculture. 
When contrasted with what the Administration 
originally proposed, we have clearly missed a 
significant opportunity. As long as demand for 
food presses on supply as greatly as at present, 
these bills can have only limited impact. But if 
and when market prices decline and inventories 
begin to rise, there is considerable potential 
mischief in these bills both for the taxpayer and 
the consumer and ultimately for the farmer. 

As the Watergate investigation has dis- 
ordered the White House, many previous re- 
straints on cabinet agency heads have eroded. 
But the Secretary of Agriculture appears to 
have little stomach for the task. Besides, it is 
probably too late. The agriculture bills are in 
conference and the damage mostly done. Only 
the most vigorous and unified action by the 
Administration in the Conference Committee 
can eliminate the. worst features of these 
bills. 

The food and abe: policy scene today is un- 
stable and volatile. It will achieve stability 
only when the formulation of food and fiber 
policy systematically and fairly takes into ac- 
count the interest not just of the farmer alone 
or the food and fiber industry or the taxpayer 
or the consumer, but all these parties. This will 
never occur without strong Executive Branch 
leadership. 
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‘Implications for Agricultural Economists* 
James S. Plaxico anb Dany E. Ray 


HE tone and substance of the 1973 Eco- 

nomic Report of the President [8] implies a 

number of short-run indictments and 
longer-run challenges to the agricultural eco- 
nomics profession. The Brandow [2] and Bon- 
nen [1] discussions of the food price issue and 
the agricultural policy implications of the Eco- 
nomic Report also provide background for dis- 
cussing future professional activities, 


Implied Indictments of the Profession 


Even with all the sophisticated models and 
analytical expertise within the profession, agri- 
cultural economists failed to anticipate the 
magnitude of food price increases during late 
1972 and early 1973. A part of the relative shifts 
in supply and demand that caused the price 
rises was due to adverse weather which reduced 
farm production and lowered rates of gain for 
livestock, plus unforeseen production failures 
in importing countries—influences that econo- 
mists often assume away or declare exogenous. 
But the lagged effect of past crop production 
levels, the positioning of hog and cattle cycles, 
changes in per capita purchasing power and its 
distribution, and long term export indications 
are the sorts of phenomena that are part and 
parcel of professional agricultural policy and 
price analysis. Yet agricultural economists pro- 
vided little insight during the fall of 1972 of the 
impending crunch in supply relative to demand. 
One must assume either that the profession 
does not have properly specified economic rela- 
tionships and reliable estimates of the structure 
for the modern-day market for agricultural 
products or that the basic analytics of the cur- 
rent market though available and reasonably 
accurate were not utilized in a conscientious 
and integrated fashion. The Council of Eco- 
nomic Advisers implies that the. former was 
true. The market relationships, they would con- 
tend, are unlike the structure of old. Thus, it 
would be erroneous to apply directly or indi- 
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rectly the supply elasticities and demand elas- 
ticity matrices developed during the late 1950’s 
and 1960’s in analysis of present-day agricul- 
ture. If all this is true, the analytical expertise 
of the profession is indeed badly in need of re- 
pair. 

While substantial changes in many indi- 
vidual economic relationships undoubtedly 
have occurred, it is puzzling that fairly compre- 
hensive studies, reported as late as 1971 [3], 
do not seem to indicate a general transforma- 
tion of the agricultural demand and supply 
structure. Perhaps the primary reason for sur- 
prise over food price increases was a combina- 
tion of lack of effort by agricultural economists 
and the unforeseen influences mentioned earlier 
after all. But whatever the true explanation, it 
could be argued that the profession did not do 
its job. If the economic relationships are indeed 
reasonably valid and the expertise exists, why 
did the profession fail? Was it lack of coordina- 
tion or leadership? Even if policymakers could 
not have altered the events of last year had we 
anticipated them correctly, our lack of in- 
formed analysis diminishes our creditability for 
future council. 

Another implied indictment against the pro- 
fession made in the Economic Report relates to 
a fundamental concept in agricultural policy— 
excess productive capacity. Here again the 
Council of Economic Advisers admonishes the 
profession, implying that the concept of excess 
capacity is as antiquated as the closed door 
China policy. Perhaps the Council is right or 
is at least partially correct in the sense that the 
magnitude of excess productive: capacity may 
be considerably smaller than during previous 
decades. While studies have suggested that ex- 
cess capacity averaged about 6 or 7 percent dur- 
ing the 1950’s and 1960’s, we are unaware of a 
comprehensive study that reports the extent 
of excess capacity in the 1970’s. It is obvious 
that citing excess capacity percentages for pre- 
vious decades would not impress the Council. 
Many in the profession could make an educated 
guess of current excess capacity, but unfortu- 
nately we do not have the necessary research 
to deliver a timely and reasonably precise esti- 
mate. More significantly, the Council staff in 
all likelihood does not have the estimate either. 
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Yet, they are near the fulcrum of the policy 
making process while we are often on the out- 
side fringes. But within the profession, distance 
from the center of power and influence is no 
excuse. Aside from a few up to date “free mar- 
ket”? studies which indirectly address excess 
capacity, we simply do not have up-to-date evi- 
dence that unequivocally endorses or refutes 
the “evaporation of excess capacity theory.” 
Perhaps some would contend that we are so 
busy incorporating the latest statistical innova- 
tion in sophisticated but all-too-often insignifi- 
cant models, that we overlook the really im- 
portant questions that need answering. On the 
other hand, the continuing reality of excess 
capacity may be so obvious that the profession 
sees nothing to be gained from beating a dead 
horse. Nonetheless, the 1973 Economic Report 
of the President and subsequent administrative 
declarations on agricultural policy suggest that 
there is a need for an on-going study that em- 
pirically estimates the current extent of excess 
productive capacity in agriculture. 

A final apparent indictment made by the 
Economic Report is that we have not sufficiently 
been concerned with consumer interests in pol- 
icy analysis. Perhaps most of us will have to 
plead guilty on that count and hope that during 
our suspended sentence we can “right” our 
ways. A standard excuse is that consumer prices 
can be calculated on the side, by those inter- 
ested in such numbers, from farm level prices 
with the use of margins. But by not always re- 
porting consumer prices, the full impact of a 
policy change is masked. A corollary to this 
indictment is that we take a myopic view of 
agricultural policy when we should view it as 
one component of an overall economic policy. 
Again, there is some validity to this observa- 
tion, and gaining a broader view of policy seems 
to be one of the challenges the proreapion must 
meet in the years ahead. 


Challenges for the Profession 


Clearly, the major impetus for a changing 
thrust of professional activity should be more 
deeply rooted than a knee-jerk reaction to the 
latest crisis or the most recent issue of the 
Economic Report of the President. But to the 
extent that both dramatize or signal a perman- 
ent change’in the philosophic base of economic 
policy, they may provide the capping evidence 
that there is a need to broaden and reevaluate 
the professional activities of agricultural econ- 
omists. 


Am. J. Agr. Econ. 


With the political and economic environment 
of modern day agriculture, the profession is be- 
ing encouraged to view the entire food and 
fiber complex within the framework of the na- 
tional economy. Detailed estimates of farm 
commodity ` prices and incomes and of total 
and average per farm net income for alterna- 
tive food policies will no longer be sufficient. 
Such analyses must also trace the direct and 
indirect effects of public policies on rural com- 
munities, agribusiness, taxpayer cost, and 
most ‘especially on consumer prices. While 
farm level estimates and gross indications of 
taxpayer cost and consumer food expenditures 
have provided an adequate information set for 
agricultural policymakers in the past, policy- 
makers of the future will likely view their con- 
stituency as being the entire society and not 
just the agricultural industry. Hence, an analy- 
sis that fails to treat the consumer food price 
issue extensively will be ineffective. 

‘But agricultural economists cannot afford 
to be unduly intimidated by the accelerated 
move toward a consumer orientation of agricul- 
tural policy. While examination must be made 
of the ramifications of policies on such items as 
retail food prices, the Consumer Price Index, 
and U. S. ability to buy foreign oil, responsible 
policy actions cannot be pursued solely on the 
basis of their favorable impact on such variables 
without regard for the economic health and the 
long run viability of the agricultural sector and 
rural communities. Perhaps one of the greatest 
challenges for the profession will be to provide 
economic policymakers with a balanced and 
thorough food policy analysis that forcefully 
addresses the equity question. To be effec- 
tive, the distribution of relative cost and bene- 
fits among the components of the production 
agriculture-rural community-agribusiness-tax- 
payer-consumer complex and among the in- 
come and social strata within each group should 
be routinely supplied to policymakers in the 
future. The time horizon of analysis must be 
long enough to insure ‘balance in the considera- 
tions of short-run and long-run benefits, costs, 
and distributional effects of the policy under 
consideration. To the extent that the policy- 
making process becomes increasingly concen- 
trated in the upper reaches of the executive 
branch, the magnitude of this challenge height- 
ens. 

The set of policies analyzed by agricultural 
economists will, in all likelihood, include not 
only those aimed directly at agriculture (with 
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their nonfarm effects) but also those policies 
that relate more directly to society at large or 
to other societal components that also have in- 
come, structural, or performance implications 
for agriculture. Too little research attention 
has been directed toward an understanding of 
the impact of changes and policies in the gen- 
eral economy on the agricultural sector. For 
example, the overall and the direct impact of 
inflation on agriculture is very poorly under- 
stood. In like manner we have a very rudiment- 
ary understanding of the direct and indirect 
impacts of monetary and fiscal policies on agri- 
culture. The implications of direct price con- 
trols in the general economy and agriculture are 
largely a matter of speculation. Research on the 
future organization, structure, and control of 
agriculture is of prime interest to agricultural 
producers. Just as analysts cannot ignore the 
nonfarm influences on future farm structure, 
neither can the social and economic implica- 
tions of alternative structures on nonfarm 
groups be ignored. 

To achieve success in Dienn analysis of 
the agricultural sector with the national econ- 
omy, we obviously must develop a more sys- 
tematic and complete description of the agri- 
cultural industry: itself. In the past much 
emphasis has been directed toward estimation 
of structural supply and demand parameters 
for farm commodities. As a result, the profes- 
sion has amassed considerable information rela- 
tive to individual commodity relationships. Yet 
we have limited insight concerning the overall 
internal workings of the food and fiber markets. 
The research and marketing act of 1946 may be 
viewed as Congressional response to societal 
demand for research directed to a better under- 
standing and eventual coordination of the food 
and fibér marketing system. Unfortunately a 
major share of these funds has been allocated to 
noneconomic related research [7]. As a conse- 
quence we have produced a very refined de- 
scription of marketing channels of several com- 
modities. We know something about transport 
costs in specific situations and have produced a 
great volume of results relating to regional com- 
parative advantage within the assumptions of 
traditional transportation and spatial equilib- 
rium models. But we know relatively little 
about how the overall food and fiber system 
operates or how it is coordinated. This is true 
of both the factor markets which deliver inputs 
to producers as well as product markets that 
deliver food and fiber to consumers with ap- 
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propriate regard for time, place, and for util- 
ity. 

Evident and long recognized is the need to 
integrate the work relative to individual com- 
modities, factor markets, and marketing into a 
comprehensive description of economic activity 
from the time production decisions are made to 
the sale of the final product [5, 6]. This overall 
or system-oriented approach does not mean 
that work on individual commodities should 
necessarily be deemphasized. The validity of 
such a system approach will depend to a large 
extent on the validity of subsector components 
of the system. The doubt that has been cast on 
the appropriateness of applying past quantita- 
tive market relationships to analyze current 
market developments underscores the need for 
on-going work on commodity market relation- 
ships. Thus, commodity and marketing chan- 
nel researchers must provide important input 
into the development and continuing struc- 
tural revisions of the system model if the sub- 
models are structured so that they can consti- 
tute a part of a systems analysis. 

Transportation represents a major item of 
cost in producing and delivering food and fiber 
to consumers. Frequently it has been suggested 
that a reorganization and restructuring of the 
industry might offer a major opportunity for 
enhancing the productivity of the food and 
fiber industry. Yet, comprehensive studies by 
agricultural economists of the transportation 
industry are conspicuous by their absence. Nor 
have the findings of transportation economists 
been brought to bear on agricultural marketing 
problems. Clearly, if we are to develop a reason- 
able understanding of food and fiber systems, 
much work remains to be done in the economics 
of transportation area. 

Although production agriculture remains 
relatively untouched by the labor union move- 
ment, a very large proportion of the nation’s 
food and fiber is affected by union work rules 
before it reaches the final consumer or is ex- 
ported. Yet agricultural economists have given 
little attention to the impact of various labor 
arrangements on the food and fiber system. Any 
meaningful systems view of the food and fiber 
complex must include such analyses as input. 

Export markets and trade policy are likely 
to be an ever-important consideration in the 
formulation of food policies. Generalized de- 
ductions of probable commodity exports that 
may increase in the future based solely on 
policy statements of foreign governments 
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(which is about as specific as agriculture econ- 
omists have seemed to be) will not suffice. Even 
with the short-run influences of weather and 
the political and institutional uncertainties 
that surround foreign trade, there is an obvious 
need to develop long-term price-quantity com- 
modity export demand schedules for individual 
countries based on informed and meticulously 
researched supply and demand developments 
in each of the major importing countries. The 
degree of success in such an endeavor could 
mean the difference between economic health 
and economic chaos for production agriculture. 
The furor over high food prices and optimistic 
export expectations has provided the current 
administration with a politically appealing 
backdrop for dismantling the present agricul- 
tural production control and price support pro- 
grams. But even after discounting for the con- 
servative bent of the present administration, 
it seems apparent that agriculture is destined 
to move toward a freer market posture. The 
profession must gear up quickly if it is to antic- 
ipate and analyze competently the short-run 
and longer-term effects of free markets on pro- 
duction agriculture and rural America. While 
free-market studies of agriculture appear fre- 
quently, there is a question of whether the his- 
torically based supply and demand response 
parameters used in such studies are valid if all 
agricultural commodities are decontrolled si- 
multaneously. Lacking assurance as to price and 
income, would the financial community finance 
the expansion of agriculture that is indicated 
by free-market studies? In light of current and 
expected market developments, what is the 
extent of excess capacity of American agricul- 
“ture? If a free market does bankrupt agricul- 
ture, who will pick up the pieces? Would such 
an event set the stage for the takeover of agri- 
culture by nonfarm corporations or large-scale 
cooperatives? What are the long-run food price 
implications if agricultural production is even- 
tually controlled by a few large entities? What 
would be the economic outlook for the hun- 
dreds of thousands of farmers who would be 
pushed simultaneously into the nonfarm labor 
market, assuming there is substantial excess 
productive capacity? If the American people 
felt a moral responsibility to ease the psycho- 
logical and economic trauma of displaced farm- 
ers and rural businessmen, what programs 
should be instituted? These questions, of course, 
are not new, but with a fundamental redirec- 
tion in agricultural policy there may be an un- 
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precedented urgency for researching the an- 
swers. 

While distributional considerations do not 
seem to be at the forefront of the current ad- 
ministration’s thinking, programs to help farm- 
ers make necessary adjustments and rural de- 
velopment programs in general would seem to 
require an equity foundation. Much work in 
rural development has concentrated on indus- 
trialization and recreational development. But 
if adjustment analysis and rural development 
are to have an equity foundation, the distribu- 
tional facets must receive central attention in 
the planning, execution, and evaluation stages 
of farmer adjustment and rural development 
programs. Firms locating plants in rural areas 
provide job opportunities for unemployed and 
underemployed community residents. The com- 
munity also benefits directly via the multiplier 
effect through increased demand for goods and 
services. But few communities have the re- 
source base necessary to attract new plants, 
and the gains in the communities where plants 
do relocate do not reach all population strata. 
A narrowly framed concept of rural develop- 
ment designed to generate increased economic 
activity and employment in the most favored 
communities of rural areas may not alleviate 
the most serious inequities—only reduce their 
geographical focus. A regional goal of increased 
economic growth—without regard to its dis- 
tribution among small and large communities, 
skilled and unskilled workers, the young and 
old, the economically advantaged and disad- 
vantaged, and other population strata—may 
raise average per capita Incomes in the region, 
but this is not complete rural development in 
the equity sense. 

A multipronged or systems approach to 
rural development is essential if the objective 
is to erase the inequities of national economic 
policies that falls on rural communities and the 
various economic and social groups in them. 
Viewed from the equity dimension, rural ad- 
justment and development researchers should 
identify the nature, location, and extent of in- 
equities falling on farmers and rural communi- 
ties and the various population groups, and 
then suggest alternative means of alleviating 
the inequities [4]. 


Conclusion 


It seems clear that agricultural economists 
will increasingly push their work perception 
beyond the confines of a closed view of the 
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agricultural sector. The nonfarm ramifications 
of agricultural economists’ activities can no 
longer be slighted or ignored. As the profession 
places more emphasis on overall economic inter- 
relationships, perhaps, our more difficult task 
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will be to gain an audience with future economic 
policy czars so we can present our “balanced 
analyses” and help insure that agricultural in- 
terests are not completely subordinated to 
other concerns. 


References 


[1] BONNEN, James T., “A Discussion of the 1973 Economic 
Report of the President: Implications for Agricultural 
Policy,” Am: J. Agr. Econ., this issue, 

[2] Branvow, G. E., “A Discussion of the 1973 Economic 
Report of the President: The Food Price Problem,” Am. 
J. Agr. Econ., this issue. 

[3] Gzorcx, P. S., AND G. A. Kin, Consumer Demand for 
Food Commodities in the United States with Projections 
for 1980, University of California Giannini Foundation 
Monograph 26, March 1971. 

[4] Heapy, Farr O., ‘Elements in Making Rural Develop- 
ment Go,” in Increasing Understanding of Public Prob- 
lems and Policies—1972, Farm Foundation, 1972. 


[5] Scurusen, Leonard W., “Systems Approach to Mar- 
keting Efficiency Research,” Am. J. A gr. Econ. 50:1454- 
1468, Dec. 1968. 

[6] SmarreR, James D., “Changing Orientations of Mar- 
keting Research,” Am. J. Agr. Econ. 60:1437-1449, 
Dec. 1968. 

[7] Sucre, Grenn R., “Has Social Science Research at the 
Experiment Stations Increased in Line with Society’s 
Need and Congressional Intent?” paper presented at 
the American Agricultural Economics Association 
Annual Meeting, University of Florida, August 1972. 

[8] U. S. Government Printing Office, Economic Report of 
the President, Washington, D.C., Jan. 1973. 


System Simulation of Agricultural Development: 
Some Nigerian Policy Comparisons 


Tue MICHIGAN Stare UNIVERSITY AGRICULTURAL SECTOR SIMULATION ‘TEAM* 


The generalized system simulation approach can improve information input to the decision- 
making process in general. This paper illustrates a particular application to problems of planning 
and policy making for agricultural sector development. An overview of a simulation model of 
the Nigerian economy is given, and results of a series of 15 Nigerian agricultural development 
policy simulation experiments are analyzed in detail. The main conclusion is that, at least for 
these 15 experiments, a technological transformation of agricultural export crop production is 
necessary for sustained economic growth. The paper concludes with a discussion of the approach’s 


general applicability. 


MICHIGAN State University team of agri- 

` cultural economists and systems scien- 
tists has recently developed a computer 
simulation model of the Nigerian economy [6]. 
Although Nigeria was chosen as the specific 
focus for the work, the contractual objective 
of this effort was generally to develop and 
assess further the capability of simulation 
models to be used in agricultural sector planning 
as an aid in evaluating the likely impacts of 
adjustments in agricultural structures and pol- 
icies. In previous papers [3, 4] both the basic 
methodology used by the simulation team has 
been described, and some features of the dy- 
namic computer simulation model of Nigeria 
have been considered. While the model’s gen- 
eral structure will be summarized briefly here, 
the main objective in this paper will be to 
illustrate the model’s potential usefulness by 
simulating likely consequences of 15 agricul- 
tural policy alternatives for Nigeria. Policies 
are evaluated by comparing their effects on 
several performance variables—gross domestic 
product, export levels, value added, and nutri- 
tion levels—-which development administrators 
may consider important. Although the simu- 
lated results reported here must be-considered 
tentative and subject to change as improved 
estimates of available resources and behavioral 
relationships are developed, they do illustrate 
how such a model can be employed when 
adapted to similar situations in other countries. 


* The research reported here was conducted under U. S. 
Agency for International Development contracts AID /csd- 
1557 and AID /csd-2975. 
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For Nigeria in particular, to ‘the extent that 
the simulation model faithfully represents the 
actual behavior of the Nigerian economy, the 
results may also provide insight into the com- 
parative adjustments likely to occur under 
these postulated conditions. The paper con- 
cludes with a discussion of the current stage of 
model development and the model’s applica- 
bility to agricultural planning and/or policy 
formulation. 


Description of the Model 


The problems of potentially relevant policy- 
making clientele determined which sectors and 
interrelationships needed particular attention 
within the model and which level of aggregation 
was required. Resulting major sectors and flows 
incorporated within the simulation model of the 
Nigerian economy are shown in Figure 1. As 
seen in the diagram, emphasis is on the agricul- 
tural sector. Since agriculture is dominant in 
the Nigerian economy (contributing 65 percent 
of the gross domestic product and 66 percent of 
Nigerian exports in 1962-63) and in most less- 
developed countries, its role in future growth 
will be very important. 

Planners in less-developed countries are in- 
terested in evaluating alternative policies (often 
involving economic incentives or government 
assistance of various kinds) affecting regional 
specialization of production and trade. To per- 
mit consideration of simple questions related to 
regional specialization and interregional trade, 
a two-region (North and South) commodity- 
oriented model was conceived. Several ecologi- 
cal zones within each region were also differen- 
tiated to permit more detailed consideration of 
problems encountered within the two regions. 
The orientation toward both annual and peren- 
nial commodities as well as the definition of 
distinct ecological zones and regions makes the 
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Figure 1. National model of interacting submodels, Nigeria 


model’s components adaptable to a broad range 
of countries in accordance with the objectives 
of the AID contract under which the work was 
conducted. 

Three major submodels compose the simula- 
tion model of the Nigerian economy: the north- 
ern regional agricultural submodel, the southern 
regional agricultural submodel, and the non- 
agricultural/national accounts submodel. In 
addition, there are components which model 
the national food market and population dy- 
namics. 


Agricultural sector submodels 


Basic component structures of the two agri- 
cultural submodels are quite similar, as is evi- 
dent in Figures 2 and 3. The nature of peren- 
nial commodities, however—trees exhibiting 
demographic characteristics of gestation, growth, 
maturity, and decline—considerably compli- 
cates the southern submodel, particularly in 
the land allocation and modernization com- 
ponent [1, Chapters 2 and 3]. 

Briefly, the agricultural submodels allocate 
land to the available commodities (indicated 
in Figs. 2 and 3) based on profitabilities per- 


ceived by farmers and subject to input con- 
straints. Commodity yields are determined by 
the traditional-modern technology mix and by 
producer prices. From land allocations, com- 
modity yields, and given technological coeffi- 
cients (e.g., factor input rates and marketing 
losses), the total production of each commodity 
is determined, as are subsequent marketing and 
processing functions. Agricultural processing 
in the North is modeled with input-output 
ratios. Because of the significance of palm and 
rubber processing activities to the agricultural 
producers in the South, processing in the 
southern submodel is modeled in considerably 
greater detail. Finally, economic performance 
criteria are generated, and the agricultural sec- 
tor budgets are accounted in each region. 

An additional component of the northern sub- 
model, cattle production, simulates the meat 
and milk production process in traditional and 
modern herd management situations by using 
inputs of total digestible nutrients (TDN) 
from the production of forage and grain crops. 
The main interaction between the cattle and 
annual crops components in the northern sub- 
model occurs in the land allocation component, 
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-Figure 4. Model of the nonagricultural economy and the national accounts, Nigeria 


where acreages in the various crops partially 
determine—through competition with grazing 
land and provision of crop residues—the quan- 
tities of TDN available in the cattle component. 
Policy inputs to the agricultural submodels 
include stimulating the modernization of pro- 
duction, reducing or increasing marketing 
board surpluses (i.e., raising or lowering pro- 
ducer prices), and various forms of taxation. 
The simulation model then projects the likely 
consequences of alternative policy options. 


Nonagricultural sector submodel 


The nonagricultural submodel (Fig. 4) is an 
aggregated, 10-sector input-output model of 
the Nigerian economy. Since the primary focus 
of the national model is on agriculture, the 
broad, aggregated nonagricultural submodel 
enables key interactions between agriculture 
and nonagriculture—agriculture’s demands for 
consumer goods and capital inputs, and non- 
agriculture’s demands for raw materials and 
food, rural-urban migration—to be investi- 
gated [2]. This submodel also constructs the 
national accounts, including measures of gross 
national (domestic) product by industry, con- 


sumption, investment, government revenues, 
and import-export balances. 


Population component 


The population component (Fig. 1) simulates 
the dynamic growth of a population broken into 
27 three-year age cohorts. In addition to com- 
puting births, deaths, and aging of the popula- 
tion, the total labor force is determined and 
split between agricultural and nonagricultural 
occupations in each region and each ecological 
zone. Rural and urban food demands as well as 
rural-urban migration are computed. 


Interregional trade component 


Submodels are linked in the market and in- 
terregional trade component (Fig. 1) where the 
national food market is modeled. The national 
model takes cash food supplies from agricul- 
tural submodels and food demands from the 
population component, computes the price of 
transportation (based on investments in trans- 
port capacity) and interregional shipments of 
food, and determines the market price of food 
in both regions. In addition, per capita con- 
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sumption of food by agricultural and nonagri- 
cultural populations in each region is calculated. 


Model summary 

The computer simulation model is a complex 
of interacting submodels of major elements of 
the Nigerian economy. It makes possible the 
investigation of consequences of various agri- 
cultural policy options, including interactions 
with the nonagricultural economy. The total 


model! contains between 2,000 and 3,000 equa-. 


tions and requires about 40 seconds of central 
processor time on MSU’s CDC 6500 computer 
for a base run (i.e., continuation of present 
trends and policies) of 42 years of simulated 
time. 


Model Validation 


With an extremely large, complex model of a 
less-developed country, one naturally would 
expect that estimates of initial conditions and 
technical and behavioral relationships would 
necessarily have to be derived via a variety of 
techniques with data acquired from many dif- 
ferent sources. This was the case in the Nigerian 
model—statistical estimation procedures were 
used where time series data were available (e.g., 
income elasticities of demand), previous experi- 
mental and survey results were employed (e.g., 
crop yields, farm product mix, crop acreages), 
and data gaps were filled with knowledgeable 
estimates from researchers, extension men, and 
other informed personnel. These initial esti- 
mates were then incorporated into small sub- 
components, and computer runs were made for 
the purpose of detecting errors. Sub-component 
output was then evaluated using appropriate 
theory, dynamic systems concepts, and the 
relationship of the simulated values to histori- 
cal data and to otherwise expected future val- 
ues. Where inconsistencies or abnormalities 
were noted, the problems were diagnosed, 
changes were made, and testing was continued. 
Many sensitivity runs were done to test the 
impact of possible errors in specific model 
parameters. These often indicated where addi- 
tional secondary or primary data might be re- 
quired for more accurate estimation of the 
sensitive parameters and where structural 
equations (as data points themselves) needed 
modification or elaboration. Each sub-com- 
ponent was initially tested individually and 


} While it cannot be completely described here, see 
[1, 3, and 6] for more detail. 
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then gradually aggregated (in combination with 
other sub-components) into larger model com- 
ponents whereupon the testing continued (and 
continues even now). While much of the testing 
has been rather subjective in nature, some 
“goodness-of-fit” tests have also been incor- 
porated into the validation process (for more 
detail, see [3, pp. 279-281] and [6, pp. 34-35, 
61-66, 169-172, 256-258]). While the testing 
procedure cannot conclusively prove that the 
developed model is a valid representation of 
how the Nigerian economy will behave in the 
future, it is felt that the model in its current 
stage of development is a reasonable approxi- 
mation which can provide some useful policy 
comparisons as the validation continues and 
implementation of the model in Nigerian 
planning agencies proceeds. 


Policy Experimentation 
Policy definitions and experimental procedure 


Following initial interactions with Nigerian 
policy makers and researchers, a series of 15 
policy experiments was defined and run with 
the simulation model described above. Initial 
conditions in the model are for 1953. The model 
has been “tuned” to approximate observed 
conditions (e.g., exports) from 1953 to 1970 
using observed export and producer prices for 
that period. The year 1970 was then considered 
the starting point with (in effect) simulated 
“initial conditions,” and simulation results re- 
ported here are analyzed over the period 1970- 
1995 with policy implementation beginning in 
1971. Projections are carried out to 1995 to give 
long-run diffusion responses to the production 
campaigns time to exert their major impacts. 

With simulation it is easy to build up the 
complexity of the combinations of policies 
tested. Starting with runs to evaluate single 
policies or programs (e.g., reducing marketing 
board and export taxes), other policies and 
programs may be successively added, such as 
alternative production campaigns and infra- 
structure projects to investigate interactive 
effects. In addition, a flexible output format 
allows the researcher either to look at the be- 
havior of aggregated macro-economic variables 
or to focus upon the investigation of more de- 
tailed responses. Policy runs considered here 
are designed to take advantage of and illustrate 
these capabilities. 

The 15 simulation runs are grouped into four 
sets that examine increasingly complex interac- 
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tions at progressively higher levels of industry 
and geopolitical aggregation. The runs are sum- 
marized in Table 1 and described in more detail 
below. All four sets include Run 1, the base run, 
as a standard point of reference. The base run 
projects likely performance under current 
policies, with no programs to modernize pro- 
duction and with export and marketing board 
taxes maintained at current levels. Essentially, 
the base run makes projections assuming no 
changes in the system as it was in the 1960’s. 


Table 1. Nigerian policy simulation runs 





Run No. Run Definition 





1 Base run: Status quo policy—no modernization 
of production; normal export taxes and 
marketing board surpluses. 


Policy Run Related to the Cattle Industry 
4 Tsetse-fly eradication program, 1971-81. 


Eoy Runs Related to Agriculiure in the Northern 
egion 


Export taxes and marketing board surpluses 

i cut off in R 7 eer f 
xport taxes and marketing surpluses 
phased out from 1970 to 1980. 

Production campaigns in cotton and ground- 
nuts, 1971-81. 

Production campaigns in food grains, 1971-81. 

Production campaigns in cotto: oundnuts 
and food ee 1971-81. (Combines Run 5 
and Run 6.) 


Policy Runs Related to Agriculture in the Southern 
Region 

2 Export taxes and marketing board surpluses 
cut off in 1970, 

3 Export taxes and marketing board surpluses 
phased out from 1970 to 1980. 

8 Production campaigns in cocoa new planting, 
cocoa replanting, rubber replanting and palm 
replanting, 1971-81. 

9 Production campaigns in cocoa new planting, 
cocoa replanting and palm replanting, 
1971-81. 

10 Production campaigns in cocoa new planting, 
cocoa replanting, rubber replanting and palm 
replanting, 1971-81; modernization of 
and rubber processing. (Run 8 plus m 
zation of palm and rubber processing.) 


Policy Runs Related to Agriculture in Both the 

Northern and Southern Regions 

11 Production campaigns in cotton, groundnuts 
and food grains in the North, 1971-81; pro- 
duction campaigns in cocoa -new planting, 
cocoa replanting, rubber replanting and 
replanting in the South, 1971-81. (Combines 
Run 7 and Run 8.) 

12 Run 11 plus production campaign in food roots 
in the Middle Bel 1971-81. 

13 Run 11 with a further improvement in food 
grain technology after 1980. 

14 Run 11 with export taxes and marketing board 
surpluses cut off in 1970. 

15 Run 11 with export taxes and marketing board 
surpluses phased out from 1971 to 1980. 


SIA UH a N 
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(For the purposes of these illustrative runs, the 
civil war in Nigeria was ignored.) 

Policies for the cattle industry.—The first 
set of runs examines one partial solution to 
some problems currently facing the cattle in- 
dustry in northern Nigeria. The tsetse fly has a 
dramatic impact on the area where cattle can 
graze in good health and on the corresponding 
size and productivity of the Nigerian cattle 
industry (and the income accruing to northern 
Nigerians).-In the first set of runs, Run 4 in- 
vestigates the results of a tsetse fly eradication 
program budgeted for £3 million over ten years. 
(An eradication cost of £100/square mile is 
assumed.) 

Policies for the North.—The focus of the 
second set of runs (Runs 1, 2, 3, 5, 6, and 7) is on 
interactions among cash crops (cotton and 
groundnuts) and food crops in the North. Com- 
modity marketing boards in Nigeria have the 
power to set producer prices as a matter of pol- 
icy, whereby the boards may generate surpluses 
for themselves or run at a loss, in effect either 
taxing or subsidizing the producers. Surpluses 
may be used for price stabilization purposes or 
to finance developmental or other projects. 
These producer prices can have significant 
impacts on producer incentives and, hence, on 
commodity outputs and private and public re- 
turns. Controversy surrounding the marketing 
boards in Nigeria center on the issue of whether 
or not the public sector is a better allocator of 
resources than the private sector. Runs 2 and 3 
compare the effects of cutting off export and 
marketing board taxes in 1970 or phasing them 
out over a 10-year period. (These runs reduce 
taxes in both the North and South.) 

In the remaining runs of this set, taxes are 
maintained at recent levels (25 percent for cot- 
ton and groundnuts) while various combina- 
tions of production campaigns are tested. Pro- 
motion efforts at modernizing agricultural pro- 
duction can generate substantial returns to both 
the public and private sectors. Such moderniza- 
tion may entail the introduction of higher- 
yielding biological varieties and/or the encour- 
agement of improved cultural practices such as 
weeding, spacing, time of planting and applica- 
tion of fertilizers and insecticides. Increase in 
output can then result in higher incomes for 
farmers and increased tax revenues and foreign 
exchange earnings for the public sector. The 
nonagricultural sector can also experience 
growth as a result of increased demands from 
the agricultural sector. 
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Total budget for the production campaigns 
is assumed to be £40 million spread over a 10- 
year period. This budget pays for extension 
salaries, subsidies, and overhead expenses. Run 
5 simulates programs to increase cotton and 
groundnut production via extension efforts to 
introduce new seed varieties and improved cul- 
tural practices, improving groundnut and cot- 
ton yields by 68 percent and 171 percent, re- 
spectively. In this run, groundnuts get two 
thirds of the budget while cotton gets one 
third. The same end (improved cash crop pro- 
duction) is sought in Run 6 via a food grains 
modernization program (hopefully to release 
land for cash crop expansion). If food produc- 
tion is modernized, the model provides for cot- 
ton yields to increase as the labor pressure is 
eased; this reflects cotton planted earlier in the 
season. New technologies in food grain produc- 
tion are assumed to increase yield two and one- 
half times. Here, all £40 million go to food 
grain programs. All three programs—cotton, 
groundnut, and food grains—are then combined 
in Run 7, where the budget is split 40 percent, 
20 percent, and 40 percent to groundnuts, cot- 
ton, and food, respectively. > 

Policies for the South.—Agricultural pol- 
icies and programs aimed at the southern eco- 
logical region are examined in simulation Runs 
2, 3, 8, 9, and 10. Runs 2 and 3 again compare 
the consequences of cutting off export and 
marketing board taxes or, alternatively, phas- 
ing them out (in both regions). Normal levels 
of marketing board taxes are assumed to be 20 
percent for the three commodities handled by 
marketing boards (cocoa, palm oil, and palm 
kernels), while export taxes for those three and 
rubber are 20 percent, 15 percent, 15 percent, 
and 15 percent, respectively. 

Runs 8, 9, and 10 investigate production 
campaigns in the perennial crops and efforts to 
improve processing methods for oil palm and 
rubber products. The production campaigns 
assume a budget of £40 million over 10 years 
to pay for extension salaries, subsidies, and 
overhead expenses. Run 8 involves a modest 
new planting cocoa program and replanting 

` programs for cocoa, palm, and rubber, with the 
budget split among these programs 10 percent, 
30 percent, 40 percent, and 20 percent, respec- 
tively. Of the 40 percent in the palm replanting 
program, 25 percent is used in the areas where 
palm competes with rubber, and 75 percent is 
applied to areas where palm has no perennial 
competitors. Run 9 attempts to highlight the 


Am. J. Agr. Econ. 


interactive effects of the oil palm-rubber com- 
petition (in comparison with Run 8) by not 
conducting the rubber replanting program and 
devoting that portion of the budget to palm 
replanting. Assumed yields at maturity for 
new planted cocoa and replanted cocoa, palm, 
and rubber represent improvements of 86 per- 
cent, 47 percent, 49 percent, and 150 percent, 
respectively. The model provides for these 
yields to increase gradually another 20 percent 
as farmers gain experience with new methods of 
cultivation involved in modern production. 
Finally, Run 10 adds investment in modern 
processing facilities for oil palm and rubber 
products to the programs in Run 8. For palm 
this means Stork hydraulic presses, while for 
rubber it means crumb factories. The invest- 
ment rate is established at £100 thousand and 
£200 thousand per year for palm and rubber, 
respectively, until a prespecified level of trans- 
formation has been reached (50 percent for 
palm and 100 percent for rubber). While rubber 
processing is being transformed from sheets to 
crumb, the model also simulates a gradual in- 
crease in the domestic industrial demand for 
crumb rubber up to 50 percent of production. 
Policies for both regions.—Whereas the 
first three sets of runs focus on industry- or 
region-specific policies, the fourth set, Runs 11, 
12, 13, 14, and 15, examines aggregate and 
interactive effects of agricultural development 
policies and programs in both the North and 
South. Run-11 combines Runs 7 and 8 so that 
the following production campaigns are carried 
out simultaneously at the same budget levels 
(£40 million in each the North and the South) 
and in the same commodity proportions as spec- 
ified above: modernization of cotton, ground- 
nuts, and food grains in the North, and new 
planting of cocoa and replanting of cocoa, 
palm, and rubber in the South. 
Run 12 investigates the impact of moderniz- 
ing food production (roots and tubers) in the 
Middle Belt area of the North in addition to the 
modernization programs discussed above. Thus 
the implications for regional specialization, i.e., 
the South’s specialization in perennials and the 
North’s in food, can be specifically investigated. 
This run is conditional in that modernization 
of root and tuber food production is dependent 
upon future development of the requisite tech- 
nologies. l 
Run 13 is also conditional. With the pro- 
grams specified in Run 11, a further doubling of 
food grains yields is assumed to diffuse over a 
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period of four or five years after 1980 as a result 
of new technologies that may be developed in 
the next ten years by national and international 
research stations. Thus, modern food yields 
after 1980 are assumed to be potentially five 
times the current traditional yields experienced 
in northern Nigeria. This experiment investi- 
gates the potential effects on exports (due to 
cash crop interactions), food prices, and con- 
sumption. 

Finally, Runs 14 and 15 combine the produc- 
tion campaigns of Run 11 with the export and 
marketing board tax policies of Runs 2 and 3, 
respectively, i.e., the alternatives of cutting off 
and phasing out these taxes. Results of all 15 
runs are analyzed and graphically portrayed 
in the following sections. 


Analysis of simulated results 


Policies related to the cattle industry.— 
Run 4 simulates a 10-year tsetse fly eradication 
program budget at £3 million. This analysis 
does not consider other livestock programs or 
their potential interactions with other agricul- 
tural policies and programs due to limitations 
of the current model. 

Animal populations,’ sales, and resultant in- 
comes all rise as might be expected. Acreage of 
fly-free grazing land increases dramatically, 
and general range condition‘ improves substan- 
tially over the base run as the grazing pressure 
is reduced. 

In every case, however, the gains attributed 
to the fly eradication program in Run 4 are 
temporary in the sense that these performance 
variables, after an initial increase, return to the 
same trends as experienced in the base run, al- 
though at a higher level. By 1995 the slopes 
of the results of Run 4 are all either the same 
as the slopes of Run 1 results or are approaching 
these. The animal population (Fig. 5) increases 
rapidly as new grazing areas are opened. Once 


2 Kellogg’s study [5] examines additional considerations 
on mortality loss and marketing costs, etc., which could be 
incorporated into the model for a more comprehensive 
analysis of this program and others related to the cattle 
industry. 

3 The initial (1970) cattle population assumed in the 
model is about five million head (Fig. 5). Although this 
figure is below current estimates of Nigeria’s cattle herds, 
the relative results of Runs 1 and 4 are still valid. 

4 “Range condition” is defined as an index of range land 
grass yields and reflects the carrying capacity of the range. 
Its value at any time during the simulation period (1970~ 
1995) is the ratio of grass yields at that time to grass yields 
` at the initial time (1970). 
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Figure 5. Cattle population of males (PM) and females 
(PF), 1970-1995, with and without a fiy 
eradication program 


these new areas have reached their animal ca- 
pacity, however, male and female populations 
grow at the same rate as in the base run, caus- 
ing sales and incomes to undergo the same 
growth rates as in Run 1 after the initial spurt. 

The amount of fly-free grazing land experi- 
ences a dramatic increase from 1975 to 1985 as 
a direct result of the eradication program (Fig. 
6). After 1985, however, grazing land declines 
at the same rate as in Run 1 due to growth in 
the human population and corresponding ex- 
pansion of crop lands. Similarly, the decline in 
range condition due to overgrazing is slowed 
substantially as new areas are opened and graz- 
ing pressure eases. But the cattle population is 
grazing even these new areas to capacity by 
1995, and the range condition continues to de- 
cline at the same rate as in the base run. 

The conclusion to be drawn from this is that 
the fly eradication program has merely “bought 
time.” Deterioration of overgrazed ranges has 
been delayed but not halted (much less re- 
versed). Loss of grazing land to crops continues 
in Run 4 at the same rate as in Run 1. The ani- 
mal population growth rate (and, hence, the 
growth in beef and milk supplies) is the same 
after the eradication program as before. 

This is not to say there should not be a fly 
eradication program. The program does have 
substantial short-run results, and the time 


412 / MSU Snsuration Team 


Coackexetion of present 
policies (the bare run}, 
4. Fly evadiontion progran, 


Graxing Land (willlen saren) 








e T 1 al. na da ein — aby 
no 1973 rt) Ft T 


Figure 6. Fly-free grazing land, 1970-1995, with and 
without a fly eradication program 


gained by it could be used to carry out pro- 
grams that will have more long-lasting results. 
Indeed, other programs, such as grazing re- 
serves, might not even be feasible without prior 
elimination of the tsetse fly and consequent 
reduction in grazing pressure-in the potential 
grazing reserve areas. - 

Northern regional policies.—Consequences 
of policies and programs relevant to northern 
Nigeria are investigated in Runs 1, 2, 3, 5, 6, 
and 7 as defined above and in Table 1. 

` As expected, the elimination of marketing 
board and export taxes stimulates agricultural 
production and incomes. Value added in agri- 
culture increases slightly over the base run 
(Fig. 7), as do exports (Fig. 8).* Immediate 
elimination of taxes (Run 2) initially causes 
higher exports and value added than Run 3 
(phasing out taxes), but also a slightly higher 
food price (not shown) for the nonagricultural 
population. Disposable agricultural worker in- 
comes (Fig. 9)§ markedly increased over the 
base run due partly to the higher producer 


5 The large negative foreign exchange shown in Figure 8 
is due primarily to projected import demands of the textile 
industry being charged to cotton exports. In addition, beef 
for consumption forms about 10-20 percent of the indi- 
cated imports. 

* Disposable i income in Figure 9 (and Fig. 13) includes 
wages earned but is net of agricoltura sector debt service 
and interest. 
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Figure 7. Total value added in agriculture in the 
North, 1970-1995, under various policy 
conditions 
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tural exports (including imports of cotton 
and beef), 1970-1995, under various policy 
conditions 


prices for cash crops and to slightly higher food 
prices.’ 
The major contributor to increased incomes, 


1 Food accounts for about 90 percent. of agricultural 


value added in the North. 
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Figure 9. Disposable income per agricultural worker 
in. the North, 1970~1995, under various 
policy conditions 


however, is the greatly increased (relative to 
the base run) cash food sales to the South (not 
shown) to meet higher agricultural and non- 
agricultural demands for food. Southern agri- 
cultural cash food demands increase as the 
agricultural sector reduces its desired level of 
subsistence in response to higher cash incomes 
resulting from the export crop tax reductions.® 
In addition, southern nonagricultural food 
demands rise due to the rise in nonagricultural 
income resulting from greater demands for 
nonagricultural goods and services generated 
by increased agricultural income (i.e., multi- 
plier effects). 

Long run results of Run 2 are similar to those 
of Run 3. After 1980, when marketing board 
and export taxes are zero in either policy situa- 
tion, food consumption by the nonagricultural 
population (Fig. 10) shows a substantial rise as 
the increased agricultural incomes from Runs 2 
and 3 begin to have their multiplier effects on 
nonagricultural incomes. Later, higher food 
prices cause nonagricultural food consumption 
to approach the same level as in the base run. 

Figure 10 indicates steadily falling nonagri- 
cultural food consumption in all runs (as does 


* Runs 2 and 3 reduce taxes in doth regions. 
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Figure 10. Caloric consumption (of staples) per capita 
of the northern nonagricultural population, 
1970-1995, under various policy conditions 


Fig. 14). These results must be interpreted with 
caution. They represent only staple grain and 
root crop consumption and do not incorporate 
other sources of nutrition such as fish, meat, 
fruits, and vegetables. 

Modernization of cotton and groundnut pro- 
duction (Run 5) substantially improves the 
performance of all the variables observed com- 
pared to both the base run and the runs elim- 
inating taxes. Foreign exchange increases the 
most (Fig. 8), about 30 percent over Run 1. 
Since food crops rather than export crops dom- 
inate northern agricultural production, other 
variables such as value added (Fig. 7), income 
(Fig. 9) and, hence, food consumption (Fig. 10) 
show a Jess dramatic increase. Marketing board 
revenues show a 150 percent increase by 1995. 

Run 6 examines a program to modernize food 
grains production. Indeed, foreign exchange 
and marketing board revenues do pick up (over 
the base run) as land and labor are released for 
cash crop production. The difference is less pro- 
nounced at the end of the run (1995) than 
earlier in the simulated time period as the initial 
reduction in total food land is gradually re- 
versed to meet the subsistence demands of the 
expanding agricultural population. Throughout 
the time period 1970-1995, exports and market- 
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ing board revenues in Run 6 are below those of 
Run 5 in which policies are targeted directly to 
the transformation of cash crop production. 
This can be explained by the slower diffusion of 
food modernization (compared to cash crop 
modernization diffusion) built into the model. 
A larger promotional effort (budget) would 
stimulate a quicker response to food moderniza- 
tion and thus a larger effect on cash crop pro- 
duction.. 

In Run 7 promotional efforts are conducted 
in cotton, groundnuts, and food grains simul- 
taneously. Run 7 results are more than the 
mere addition of output variable increases ex- 
perienced in Runs 5 and 6. Marketing board 
revenues provide a striking example of this. 
Run 7 revenues in 1995 are 200 percent greater 
than Run 1 while revenues in Runs 5 and 6 are 
150 percent and 15 percent greater, respec- 
tively, because cash crop production, expanded 
onto former food land as a consequence of food 
modernization, is itself modernized in Run 7 
and further augments the positive results of 

-Run 6. More significantly in the long run, 
modernization of food in conjunction with that 
of cotton and groundnuts allows more timely 
planting of the cash crops, resulting in even 

‘higher yields for the modern varieties than 
would otherwise be obtained. 

Food prices are lower in Run 7 than in any 
other run. This effect is more than offset, how- 
ever, by the increased productivity of food, so 
that value added and income are slightly higher 
in Run 7 than in Run 5. Lower food prices 
coupled with increased nonagricultural income 
result in higher nonagricultural food consump- 
tion (Fig. 10). 

Southern regional policies.—The set of runs 
which investigates the consequences of policies 
and programs relevant to southern Nigeria in- 
cludes Runs 1, 2, 3, 8, 9,.and 10 as defined 
earlier and in Table 1. 

The most striking observation about Runs 2 
and 3 (cutting off and phasing out taxes) is 
not that the long run results are virtually iden- 
tical, for taxes are eventually zero in both cases. 

. Nor is it that incomes, value added, and exports 
are initially higher than the other runs and 
consistently higher than the base run, for the 
reduction in taxes represents an immediate 
increase in producer prices, whereas a delay is 
involved for the perennial modernization pro- 
grams to show results.? The most striking ob- 


* This delay is due to the natural gestation and matura- 
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South, 1970-1995, under various policy 
. conditions 


Figure 11. 


servation concerning the behavior shown in 
Runs 2 and 3 is that value added, exports, and 
income (Figs. 11, 12 and 13) are relatively 
higher initially in Run 2 than in Run 3, while 
later in the simulated time period (after about 
1978), they are relatively higher in Run 3 than 
in Run 2, finally approaching the same. steady 
state levels in both runs. Run 2 should indeed 
have higher results initially, since producer 
price increases are immediate. Short term sup- 
ply (harvest) response is initially sharp and 
then tapers off, returning ultimately to normal 
levels as farmers gradually come to regard the 
higher prices as “normal.” Exports begin to 
increase again after 1980 (Fig. 12) as the long 
term supply (planting) response to higher prices 
becomes increasingly dominant, finally taper- 
ing off again as acreage expands to its limit (as 
in the base run) and production declines from 
aging traditional trees. 

In Run 3 prices rise steadily over a 10-year 
period while taxes are being phased out. Thus 
the harvest response is lower than in Run 2, 
although it lasts longer since the new price 


tion lags of the perennials and the longer lags before the 
innovations are diffused beyond the direct promotion 
results. 
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Figure 12. Foreign exchange from southern agricul- 
tural’ exports, 1970-1995, under various 
policy conditions 


(achieved when taxes have finally been elim- 
inated) is not seen as “normal” by the farmers 
until later. Therefore, while exports in Run 2 
taper off, the harvest and planting responses 
reinforce each other in Run 3. Eventually acre- 
age limits are reached, the natural aging process 
decreases yields, and long run results of Runs 2 
and 3 are virtually the same (Figs. 11, 12 
and 13). 

Although long run exports with taxes re- 
moved are virtually the same as in the base run 
due to capacity limits and aging traditional 
trees, higher prices keep value added and in- 
come per worker (Figs. 11 and 13) higher than 
in the base run. Per worker income falls during 
the latter part of the runs because the labor 
force is growing faster than income. 

Increased agricultural incomes, via multi- 
plier effects on nonagricultural incomes, cause a 
higher consumption (in Runs 2 and 3 than in 
Run 1) of staple calories by the nonagricultural 
population through most of the simulated time 
period (Fig. 14). As incomes stabilize in the 
long run, however, the higher food prices asso- 
ciated with Runs 2 and 3 result in lower non- 
agricultural staple food consumption. 

Comparison of Runs 8 and 10 (production 
campaigns in the three major perennial com- 
modities without and with modernization of 
palm and rubber processing) leads to some in- 
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teresting observations. Value added (Fig. 11) 
and marketing board revenues (not shown) are 
higher in Run 10 than in Run 8 due to increased 
technical efficiency of oil palm and rubber 
processing facilities. While palm oil exports are 
also substantially improved, total exports (Fig. 
12) are lower due.to the assumption in Run 10 
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Figure 15. Gross domestic product (assuming market- 
ing board and export taxes are not put to 
` productive use), 1970-1995, under various 

policy conditions 


that the domestic demand for rubber increases 
to 50 percent of production over a 15-year 
period, reducing rubber exports (which do not 
pass through a marketing board and thus do not 
diminish marketing board revenues). Indeed, 
exports are initially higher in Run 10 while 
domestic rubber demand is still low. 

In spite of this increased production, incomes 
in Run 10 are lower by 1990 than in Run 8 
(Fig. 13) because palm oil processing with the 
Stork hydraulic presses, while technically more 
efficient (i.e., more oil is extracted per pound of 
fruit), is economically inefficient. That is, in- 
creased processing costs outweigh revenue from 
increased production, making palm processing 
unprofitable.!° The centralized crumb rubber 
factories, on the other hand, prove to be eco- 
nomically as well as technically more efficient 
than the traditional sheet-making facilities 
operated at the village level. 

Run 9 was an experiment to investigate the 
consequences of increasing the palm replanting 
effort at the expense of rubber in the crop 


10 Transformation of processing takes place in the model 
irregardless of its profitability and is carried out solely by 
an exogenous (policy) investment. The model’s rudi- 
mentary processing component would have to be expanded 
to simulate investment decisions more realistically. 
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sector where the two perennials compete. In- 
deed, palm oil exports (not shown) do improve 
substantially over Run 8. Value added and 
total exports are also higher in spite of the still 
traditional rubber production. 

It is interesting to note that value added, ex- 
ports, marketing board revenues, and income 
per worker are all lower in Runs 8 and 9 than 
in the base run for about the first six to eight 
years of the simulated time period (1976-1978) 
before rising to substantially improved levels. 
This is because replanting programs mean re- 
moving trees from production, and a gestatior 
lag occurs before new trees come into pro- 
duction. 

Nonagricultural food consumption is highe: 
in Runs 8, 9, and 10 than in the other runs (Fig 
14) due to the multiplier effects of increasec 
agricultural incomes (Fig. 13) on nonagricul. 
tural incomes and to slightly lower food prices 

National Policies——The fourth set of runs 
Runs 1, 11, 12, 13, 14, and 15, examines the 
results of some national agricultural develop- 
ment policies and programs. Coupled witt 
modernization programs, the elimination o: 
marketing board and export taxes (Runs 14 
and 15) substantially enhances the results ob- 
tained when the modernization programs are 
implemented in the presence of these taxes 
Figure 16 indicates that, while both total ex. 
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Figure 17. Market price of food in the North, 1970- 
1995, under various policy conditions 


ports and total imports (not shown) increase 
in Runs 14 and 15 compared to Run 11, ex- 
ports experience a relatively greater rise, leav- 
ing Nigeria with a more favorable balance of 
payments. Similar increases are seen in other 
variables, such as GDP (gross domestic pro- 
duct, assuming marketing board and export 
tax revenues are not put to productive use) 
(Fig. 15), value added in agriculture, and agri- 
cultural exports. 

Nonagricultural food consumption is higher 
in Runs 11, 14, and 15 (with modernization) 
than in the base run (Fig. 18). This is due to 
the multiplier effect of increased agricultural in- 
come on nonagricultural income, i.e., increasing 
agricultural demand for consumer goods from 
the nonagricultural sector. 

Run 12 was an attempt to project the conse- 
quences of increased production of food root 
crops in the Middle Belt (assuming the requisite 
improved technology to be available). Indica- 
tions are that the South would tend to spe- 
cialize in exports while importing food from 
the North. By 1995 food shipments (not shown) 
increase by about 56 percent over Run 11. 
However, this increase results in much lower 
food prices (Fig. 17) rather than the substitu- 
tion of perennial production for food produc- 
tion; southern agricultural exports remain vir- 
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tually the same as in Run 11. This can be 
attributed to the current limitations of the 
southern submodel, specifically the constraint 
on the transfer of food land to perennial pro- 
duction [1, Ch. 3]. Without this restriction, a 
move to export specialization in the South 
would be expected in the presence of a secure 
food supply from the North. Lower food prices 
do lead to a dramatically higher level of food 
consumption by the nonagricultural popula- 
tion (Fig. 18). 

An interesting observation can be made con- 
cerning agricultural value added (not shown) 
and gross domestic product (GDP) (Fig. 15). 
Such a large proportion of value added and 
GDP is derived from food production (about 
80 percent for agricultural value added-and 30 
percent for GDP) that these variables at cur- 
rent prices are depressed in Run 11 and par- 
ticularly in Run 12 due to lower food prices 
(Fig. 17). In “real” terms (i.e., relative to food 
prices in the base run), Runs 1 and 12 would 
show even greater improvements over Run 1, 
with Run 12 probably taking the lead. 

Modern food grain yields in the North were 
gradually doubled in Run 13 over a four to five- 
year period after 1980 (to five times the current 
traditional yields) to investigate the conse- 
quences of the introduction and diffusion of 
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new technologies expected to be developed dur- 
ing the 1970’s. Results show that exports in the 
North do improve substantially over Run 11 
after 1980. Value added also increases slightly. 
However, by the end of the simulated time 
period, the results of Run 13 and Run 11 be- 
come similar. The initial increase in cash crop 
acreage, resulting from labor and land freed 
from subsistence food production, is later re- 
duced as the population continues to expand 
and more food land is required. Value added 
in Run 13 eventually falls below that in Run 11 
because of the somewhat lower food prices. The 
effect on southern exports is nil, while the 
lower food prices cause southern value added to 
fall slightly and nonagricultural food consump- 
tion to rise. 

Value added in the North rises more than 
twice as fast as in the South due to the much 
more dominant role food plays in northern agri- 
culture. Since food accounts for over 90 percent 
of value added in the North and only about 75 
percent in the South (in the base run), rising 
food prices and steady or falling export prices 
result in a more rapid rise in value added in the 
North compared to the South. 


Policy conclusions 


The major conclusion to be drawn from the 
policy simulation results is that a technological 
transformation of agricultural export crop pro- 
duction is necessary for sustained economic 
growth." Other development policies show 
short-run benefits which are eventually eaten 
up by continued population growth, by acti- 
vated land constraints, and by declining yields 
of aging perennials. This was true of the tsetse 
fly eradication program in which initial gains 
were later lost to a growing cattle population 
and expanding crop acreages. It was true of the 
elimination of marketing board and export 
taxes, where land constraints and declining 
yields in the South and an expanding national 
population eventually nullified positive results 
of the higher producer prices. It was also true 
of the food grains modernization programs in 
the North, where the growing population even- 
tually reversed the gains made in the increased 
availability of land and labor for export crop 
production. Only production campaigns to 


u This conclusion is, of course, dependent on the current 
model’s validity and is limited to the policies and programs 
tested. It is not inconceivable that there may be some 
other route to sustained growth than the one indicated 
here. 
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modernize the production of export crops (via 
the introduction of high-yielding seed varieties 
and improved cultural practices) had beneficial 
consequences which were maintained in the 
long run. In addition, the combination of ex- 
port crop modernization programs with the 
reduction of market board and export taxes 
showed even more pronounced long-run benefits 
due to the complementarity of these policies. 

Other conclusions can be made concerning 
interregional and intersectoral interactions 
North-South shipments of food do play a sub- 
stantial role in feeding the southern population 
and indications are that there is a potential fo: 
regional specialization: in the northern Middl 
Belt area, where roots and tubers (the primary 
components of southern staple consumption. 
can be grown, food would be provided for ¢ 
South which would specialize in export peren 
nial crop production, l 

Interactions between the nonagricultural anc 
agricultural sectors are strong and indicate 
that agricultural development can also lead tc 
growth in the nonagricultural sector. For exam: 
ple, rising agricultural incomes mean an in 
creasing demand for nonagricultural consume: 
and investment goods, creating more employ: 
ment and higher incomes in the nonagricultura 
sector. This in turn means greater nonagricul 
tural demands for agricultural products (foot 
and raw materials), a further spur to agricul 
tural income.” 


Conclusions 


It seems appropriate to try to draw conclu 
sions concerning the stage of development th: 
team has reached in constructing generalize 
system simulation models. It is felt that th 
model and many of its components are read: 
for application. This is not to state that the) 
are complete. However, they are ready for ap 
plication in the sense that application shouk 
always be expected to involve extensive fiek 
work and interaction with decision maker 
which will reveal needed modification anc 
further developments of the models. This wil 
be true whether the models summarized abov: 
are applied in Nigeria or in. some othe 
country. 

It is the team’s conviction that the buildin, 
blocks or components of these models are po 
tentially useful in a wide variety of countrie 


2 See [2] for a fuller discussion of this multiplier effec 
and other agriculture-nonagriculture interactions. 
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and situations. The Nigerian components of the 
model can be taken apart and reused to simu- 
late and analyze other entire agricultural sec- 
tors. The nonagricultural component itself 


will be generally useful in relating the agricul- 


tural economies of various countries to their 
nonagricultural economies. In addition to be- 
ing useful in constructing models of the entire 
agricultural economy of different countries, 
components developed for the total model are 
potentially useful in designing, analyzing, and 
evaluating programs and more detailed pro- 
jects at the subsector level. For example, the 
perennial crop components designed to model 
the Nigerian cocoa, rubber, and palm subsec- 
tors have widespread applicability in modeling 
corresponding subsectors of other countries. 
These perennial crop components also have 
potential applications in the developed world— 
possibly in modeling the vineyards of Cali- 
fornia, France, and Chile, and the cherry 
orchards of Michigan. Demographic compo- 
nents used for modeling the Nigerian beef herd 
may also be used, for example, to model the 
cow and buffalo herds of India as well as the 
cattle population of the United States. 

In short, although the components developed 
are generally applicable in various subsectors 
of the agricultural sector of many countries, 
such applications will inevitably involve much 
field work and much interaction with decision 
makers to make the generalized components 
relevant to specific applications and to find the 
appropriate data. In this way, components 
from the Nigerian model have been adapted and 
successfully applied in Venezuela, Colombia, 
and Korea [7]. 
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It also appears that the-processes which have 
been modeled are so important to the countries 
and their decision makers that expatriate ad- 
visors themselves are inherently incapable of 
fully developing and applying the models. 
While there are areas in which applications can 
be made by expatriate advisors and staff mem- 
bers, it must be recognized that full use of 
these models by a particular LDC requires 
their mastery by indigenous personnel. In or- 
der for the Nigerian model to be fully used in 
Nigeria, for example, it will have to be mastered 
by Nigerians and applied, further developed, 
modified, and extended by Nigerian investi- 
gators in closer interaction with Nigerian de- 
cision makers than can or should be carried out 
by foreign advisors. 

Finally, the policy decision maker, in evalu- 
ating simulated results, must be aware of thé 
assumptions and simplifications built into the 
model, and he must appreciate limitations that 
exist vis-d-vis the questions the model is ca- 
pable of addressing. In particular, the model is 
principally an economic model which will indi- 
cate the likely economic consequences of alter- 
native policies; it was not designed to answer 
social or political questions directly. The policy- 
making process must still be responsive to 
political pressures and social interests which 
are indispensable components of that same 
process. In short, a simulation model, while 
potentially an integral and important part of 
the decision-making process, will not replace 
the decision maker; but it will give him more 
information, help to identify new and econom- 
ically feasible policy options, and sharpen his 
intuition, thus making for better decisions. 
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Systems- Simulation in a Practical Policy-Making Setting: 
The Venezuelan Cattle Industry 


S. F. Murer and A. N. HALTER 


Shifting the Venezuelan cattle industry from traditional to modem production is the problem 
of formulating policy at the federal government level. A systems-simulation model shows the 
consequences, through time, of the current set of policies and hypothesizes the consequences of 
other policy alternatives. Validity of the model was established, on the basis of the decision- 
maker’s criterion, through a game of hide-and-go-seek. Interaction between the researchers and 
decision-makers brought together the relevant positive and normative information before a policy 


was established. 


a useful tool in policy formulation in un- 

derdeveloped countries [6]. Claims are 
made concerning its possible implementation in 
a policy-making environment, but little exper- 
ience has been reported on actual cases of im- 
plementation. This paper reports on the im- 
plementation of a component of a larger simu- 
lation model within an agency of an underde- 
veloped country. In contrast to the Nigerian 
model [6], the intent of which was to develop 
system components without necessarily apply- 
ing them, the effort reported here was a co- 
operative endeavor of three government agen- 
cies at the policy-making and/or planning level 
to use the cattle component of the Nigerian 
model to test alternative policies and programs 
directed toward development of the cattle in- 
dustry of Venezuela. 

The systems-simulation approach is a flex- 
ible, iterative problem-investigating process 
that includes problem formulation, mathemat- 
ical modeling, simulation testing and refine- 
ment of the model, and problem solution in 
close consultation witb decision-makers [4]. 
The process places emphasis upon creative de- 
sign of alternative courses of action to help 
provide solutions to development problems at 
policy, program, and project levels. The process 
starts with problem definition and ends with 
problem solution, but these as well as the inter- 
mediate steps can, and no doubt will, be re- 
peated in an iterative fashion. The process is 
learning in nature, and prior steps are often re- 
peated on the basis of information acquired 
during a subsequent step; hence the process 


Q serar modeling has been proposed as 
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explicitly recognizes the feedback character of 
the problem investigation procedure. 

A system is a collection of component parts 
that interact in such a way as to behave as a 
whole entity with a purpose. Real world sys- 
tems have such purposes as generating indi- 
vidual and group income, social justice, tax 
revenues, food, nutrients, and political power. 
Mathematical models are abstractions of real 
world systems brought about through the use 
of subject matter theory. The relation between 
the variables and interactions of a real world 
system and a mathematical model is always 
many to few. A simulation model is the ana- 
logue of the mathematical model in that its 
function is the same, but its structure and 
origin may be different. Numerical methods 
are used to convert the mathematical model to 
a computer model. The output of a simulation 
in the context here is a set of system perfor- 
mance variables associated with a set of policies 
and/or development strategies indicating the 
attainment of various purposes (benefits) and 
the incurrence of various damages (costs) at 
different points in time from alternative pol- 
icies, programs, and projects. These estimates 
can be compared through interaction with 
policy makers for different alternatives in 
choosing the alternative which best solves the 
problem under consideration. 

This paper follows the steps of the systems- 
simulation approach. Because the process is 
ideally carried on in an environment which in- 
cludes decision makers and policy-setters, cer- 
tain background and details of the interaction 
between the researchers and decision-makers 
are essential to understanding the import of 
the application. Interaction sessions were 
necessary to bring together the positive and 
normative information required to define the 
problem, to specify the objectives of the poli- 
cies and programs, and to enumerate policies 
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and programs to be simulated by the model. 
In this paper what may sometimes seem like 
“biographical information,” “salesmanship,” 
and “a presentation to a group of Venezuelan 
policy makers” (comments of reviewers) is es- 
sentially the reporting of actual events. This is 
not an academic exercise, but the reporting of 
“real life” details of the application of the sys- 
tems-simulation approach in a practical policy- 
making setting. 


Problem Definition 


The presence of Dr. Miller in Venezuela for 
approximately nine months before the simula- 
tion modeling began provided an opportunity 
for him to become familiar with the problems 
of the Venezuelan cattle industry. After the 
decision was made in August 1971 to attempt 
to apply the Nigerian cattle component [6] to 
Venezuela, numerous meetings and seminars 
were held with personnel from a variety of 
official governmental organizations. In addi- 
tion, the work of the Livestock Productivity 
Project, which had been in existence for three 
years, was of much help in identifying the 
problem toward which the simulation effort 
was to be oriented. 

Present cattle production in Venezuela is 
characterized by low extraction rates, low 
calving rates, high death rates, lack of dry 
season nutrition, low milk production per cow, 
general overstocking of range lands, deteriorat- 
ing real producer prices, and rising input costs. 
It continues to function in many parts of the 
country more as an extractive enterprise than 
a productive one. Cattle are raised with the 
minimum of care and concern. 

The cattle population was estimated to be 
7,000,000 in 1968 by the Food and Agriculture 
Organization of the United Nations (FAO) and 
the Organization of American States (OAS) 
[9]. From the national herd in the same year it 
was estimated that 748,000 animals were 
slaughtered. This implies an off-take or extrac- 
tion rate of 10.7 percent, which compares un- 
favorably with other countries. For example, 
the extraction rate in the United States was 37 
‘percent in 1969. Similarly, birth rates in Vene- 
zuela hover around 35 percent as compared to 
91 percent in the U. S. Milk production per cow 
in Venezuela is about 750 kilograms as con- 
trasted to average production in the U. S. of 
4,160 kilograms. 

As a result of the low animal per unit pro- 
ductivity, considerable amounts of meat and 
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milk are imported to meet a constantly increas- 
ing demand. It has been estimated that be- 
tween 250,000 and 350,000 head of cattle enter 
Venezuela annually from neighboring countries. 
Most of the animals enter illegally through 
farm-to-farm transfer on the frontier, and thus 
the transactions do not appear in the balance 
of payments. The tendency has been and con- 
tinues to be to increase illegal imports. Milk 
importation also continues, equalling 12,829 
tons of powdered milk in 1970, even though 
national production increased rapidly in the 
last decade. 

Overstocking and overgrazing are major 
problems in many areas of the country, result- 
ing in general range deterioration and reduced 
carrying capacity. It has been estimated that in 
certain areas of the country carrying capacity 
has been reduced by over 50 percent. 

The industry characteristics cited above exist 
partly because of the tropical ecological condi- 
tions found generally in Venezuela, but govern- 
ment policies and programs have also played a 
part in their formation. The policy of the gov- 
ernment, acting through the Ministerio de 
Fomento, has been to maintain constant retail 
beef prices. As a result, real (deflated) producer 
prices, in addition to consumer prices, have 
fallen. Consumption has been stimulated and 
production retarded. 

Government aid to the cattle industry has 
occurred principally in the form of subsidized 
credit through its banking system and through 
certain animal disease programs. The latter 
generally have lacked sufficient funds to be ef- 
fective, and the former has been improperly 
oriented. Most of the credit funds have been 
unproductively employed, i.e., purchasing ani- 
mals and transferring them from one ranch to 
another. Only 16 percent of the total funds 
available were used in an attempt to increase 
the nutritional base of the animals through 
pasture establishment and improvement. 

Both traditional and modern production 
units, with similar types and breeds of cattle, 
exist in Venezuela. However, about 90 percent 
of the cattle are considered to be managed un- 
der traditional conditions. Characteristics of 
average farms in modern and traditional beef 
and dairy production are given in Table 1. The 
data are from 221 producer questionnaires 
taken in the Venezuelan States of Tachira, 
Merida, Barinas, and Apure.’ 

Stratification between modern and tradi- 
tional beef herds is based upon the extraction 
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Table 1. Production characteristics of average farms by type of production 
Unit Traditional Modern - Traditional Modern 
: beef beef ' milk milk 
Livestock inventory 537 104 207 118 
Bulls head 12 2 3 2 
Cows head 251 24 72 40 
2-+4-yr. old animals head 96 -36 54 17 
1-2-yr. old animals head 95 24 39 24 
Calves head 83 18 39 35 
Land inventory (controlled) hectares 2,095 306 185 141 
Land area utili hectares 1,673 206 168 98 
Cultivated pasture hectares 101 99 159 79 
Natural pasture hectares 1,572 107 9 19 
Total capital investment Bs 408,072 117,424 359,381 233,851 
Land and pasture B 124,764 38,746 180,144 117,761 
Animals B 229,167 55,300 131,082 70,976 
Machinery & equipment B 19,966 8,231 20,061 11,518 
Buildings & installations . B 34,175 15,147 28,094 33,596 
Production 
Milk. lit. 612 | 415 38 , 287 57 ,863 
Cheese kg, 290 ` 449 224 1,153 
Meat kg 16,475 9,990 12,568 5,646 
Gross income B 34,254 21,303 50,831 43,855 
Total costs B 26,972 22,662 47,954 32,728 
Fixed costs B 15,024 5,789 21,448 22,606 
Variable costs B 11,948 16,873 26,506 10,122 
Net income B 7,282 —1,359 2,877 11,127 
Calf/cow ratio nt 0.33 0.75 0.54 0.88 
Utilized hectarage per animal ectares 3.1 2.0 0.8 0.8 
Total investment/cow B 1,626 4,893 4,991 5,846 
Net income/cow B 29 neg. 278 


Source: Questionnaires taken by MAC-FAO in the Venezuelan States of Tachira, Merida, Barinas, and Apure. 
* B indicates bolivars; one dollar equals about 4.3 bolivars. 


rate and calf-cow ratio. Modern units are de- 
fined as being those farms with a calf-cow ratio 
greater than 0.50 and which sell more than 80 
kilos of liveweight beef per animal in the herd. 
The latter implies an extraction rate of ap- 
proximately 22 percent. Traditional units have 
calf-cow ratios of 0.50 or less and liveweight 
beef sales of 80 kilos or less. 

Traditional beef ranches are approximately 
‘seven times larger in the amount of land con- 
trolled by the rancher and five times larger 
in number of animals. The average traditional 
ranch produces 31 kilos per year for every ani- 
mal in the herd, while the modern ranch pro- 
duces 96 kilos per animal. The calf-cow ratio is 
0.33 on the average for traditional ranches and 
0.75 for modern ranches. Average net income, 
the residual return to capital, family labor, and 
management, on traditional ranches is 7,282 
bolivars, or 29 bolivars per cow.) Average net 
income is negative for modern ranches, This un- 


1 One dollar equals 4.3 bolivars. 


favorable economic relationship obviously has 
been a prime factor in the slow shift to modern 
beef production. It has arisen through govern- 
ment control maintaining beef prices at low 
levels while allowing input costs to increase 
with the general level of inflation? The price 
cost squeeze affects more modern ranches, since 
they use a much larger percent of purchased 
inputs than the traditional ranches. 
Stratification of dairy farms is based on the 
calf-cow ratio and milk production per cow. 
The requirements to be a modern dairy farm 
were (1) a calf-cow ratio higher than 0.80 and 
(2) production per cow greater than 1,000 
liters. The average calf-cow ratio is 0.54 for 
traditional milk farms, and production is ap- 
proximately 560 liters of milk per cow. Corre- 
sponding figures are 0.88 and 1,670 for modern 
farms. Net income is 11,127 bolivars or 278 


* The deflated producer price index declined from 106.9 
to 91.6 during 1960 to 1970. At the same time the deflated 
index of first quality meat fell from 97.6 to 75.5. 
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Figure 1. A functional flow diagram of cattle production component 


bolivars per cow on modern farms, compared to 
2,877 bolivars or 40 bolivars per cow on tradi- 
tional farms. Since the price of milk has in- 
creased over the past decade and technological 
efficiencies have reduced modern production 
costs per liter, modern milk production in 
Venezuela is more profitable than traditional 
production.’ As a consequence, total milk pro- 
duction has increased, and the shift from tradi- 
tional to modern milk production has occurred 
to a much greater extent than in beef produc- 
tion. 

The development problem of the Venezuelan 
cattle industry is to transform traditional cat- 
tle farms into modern ones. The simulation 
model has been structured like the Nigerian 
model [5, 6] to test various policies and pro- 
grams which might speed the transition from 
traditional to modern production. 


* The index of real milk prices at the producer level has 
risen over the 1960-1970 period, in part through a govern- 
ment subsidy program. In 1960 the producer price index 
stood at 106.9, increasing to 109.6 by 1970. At the same 
time the index of real retail prices of pasteurized milk has 
fallen from 0.96 in 1960 to 0.88 in 1970. 


Mathematical Modeling - 


As in the cattle production component of the 
Nigerian model, the livestock population in the 
Venezuelan model is disaggregated into two 
populations—one traditional and one using 
modern techniques (see Fig. 1). The tradi- 
tional cattle population is assumed to subsist 
on grazing land managed in traditional ways. 
Grazing land and, hence, total digestible nutri- 
ents (TDN) for the traditional population, are 
endogenous model variables related to (1) any 
food crop acreage expansion required to feed a 
growing human population; (2) expansion of 
cash and animal feed crop acreages; and (3) 
increasing grazing land areas as a result of new 
land development. Expenditures for new land 
development and improved grazing are policy 
variables which can be varied during model 
tests. 

The “condition” of the traditional grazing 
land, which influences grass yields per acre, is 
computed as a function of the number of ani- 
mals grazing on an area relative to an equilib- 
rium number. Male and female livestock popu- 
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lations and sales are computed as functions of 
calving rates, death rates, and marketing stra- 
tegies, the latter being policy variables which 
may be varied during model tests. Calving 
rates, death rates, and milk output per animal 
are endogenous model variables determined by 
the per-animal digestible nutrients supplied by 
grazing land and crop residues. , 

Animals in the modern sector are assumed 
to be managed under modern conditions, in 
which adequate nutrition is available from 
properly managed pastures (productivity in the 
modern sector is not deteriorating) and supple- 
mental feed obtained from crop land is devoted 
specifically to animal production. (Land allo- 
cated to animal feed crops is a policy variable 
which can be substituted for land allocated to 
cash crops~-another policy variable.) Land 
available.for modern grazing is determined by 
public and private expenditures on cultivated 
pastures and new land developments. Male 
and female population sizes, sales, birth rates, 
and death-rates are computed, using virtually 
the same functional relationships but differ- 
ent input levels, compared to the traditional 
sector. 

In addition to expenditures on improved 
pastures and supplemental feeding, the model 
is capable of exploring the consequences of 
other measures to increase efficiency and output 
of either the modern or traditional populations 
in the industry. These include programs to in- 
crease grazing areas, and herd management 
variables which alter sex ratios and/or control 
population levels to match the available feed 
supply better. 

Several alternative performance criteria 
which might influence a policy maker’s choice 
of development programs are calculated at 
both interim and final stages of the simulation 
experiment. Farm level incomes derived from 
meat, milk, and cash crops are computed, as are 
capital investment and operating costs in- 
curred through implementing various modern- 
ization policies. Thus several relative benefit/ 
cost relationships for experimental moderniza- 
tion policies are summarized by computed per- 
formance functions which include discounted 
net cash flows, foreign exchange balances, farm 
incomes, net beef imports, and domestically 
produced nutrient outputs. The ability of the 
industry to meet the (forecasted) increase in 
demand for beef is determined by computing 
imports necessary to satisfy the projected de- 
mand. 


Am. J. Agr. Econ. 


The computer program developed at Michi- 
gan State University has been modified to run 
on an IBM computer at the Venezuelan Minis- 
try of Agriculture (MAC) computation center. 
To correspond to Venezuelan production con- 
ditions and to the economic and institutional 
structure, modifications include the following: 


1. Provision is made for the introduction of 
cultivated pasture rather than grazing 
reserves as in the Nigerian model. A mech- 
anism has been added for allocating culti- 
vated pasture between the traditional and 
modern sectors as a function of the rela- 
tive profitability of animal production in 
the modern sector. 

2. New land for grazing is allocated between 
modern and traditional rather than to 
modern only. This allocation is also a 
function of relative profitability in the 
modern sector. 

3. Milk supply has been made to respond to 
income derived from milk production by 
making the proportion of female animals 
lactating depend upon increases in milk 
income. 

4. Certain kinds of private investments in 
cattle production, e.g., cultivated pasture 
and new land, are made endogenous by 
making them functions of farmers’ cash 
flow. 

5. Different types of governmental policies 
are introduced, e.g., vaccination programs 

. for the prevention of major diseases. 

6. A subroutine allows for the possibility of 
producer and consumer prices of beef to be 
endogenous, i.e., a free market subroutine. 

7. Instructions have been added to the com- 
puter program to allow simulating a two- 
regional breakdown of the herd in addi- 
tion to the national herd, as was the case of 
the Nigerian model. 

8. Parameters and initial conditions used to 
characterize production technology, de- 
mand, sales, demography, prices, hus- 
bandry practices, and land use have been 
estimated from Venezuelan data and ex- 
perience [1, 2, 3, 9]. 


Model Verification 
Verification of a computer simulation model 
is not an easy task; the ultimate test of its valid- 
ity comes in results from decisions made on the 
basis of the model. However, insight can be 
gained on the validity of the model by checking 
the logic of the model, by comparing computer 
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results with historical data, and by assessing 
the model’s predictive ability from a theoretical 
and/or common sense standpoint. 

The first test of the cattle model consisted of 
discussing parameter estimates and model 
structure with qualified scientists and tech- 
nicians in Venezuela. From their criticism and 
insight and from sensitivity runs of the model, 
the structure was modified and the parameter 
estimates improved until, in their opinion, the 
model was reasonable and internally consistent. 
This procedure was repeated throughout the 
modeling and application experience.! 

The second test was the comparison of his- 
torical data with generated output. This re- 
quires a set of unambiguous and generally 
accepted historical statistical data. Unfortu- 
nately such data are not always available, par- 
ticularly with the Venezuelan cattle population. 
At least three different estimates are available, 
one by MAC and one each by FAO and OAS 
(Organization of American States) [1, 9]. Dif- 
ferences between the estimates are shown in 
Table 2, along with estimates generated by the 
model after many trial runs. At one point dur- 
ing the model development the success of the 
entire undertaking hinged upon being able to 
generate the MAC sequence. 

When the model development began, only 
the MAC estimates were available to the model- 
ers. Having tried unsuccessfully for some time 
to generate the MAC data, the modelers told 
the director of the Livestock Project that there 
must be an error in Venezuela’s federal statis- 
tical report. He agreed, and said that if the 
model had been able to generate the MAC 
data, he would have had little confidence in the 
model. He then reached into a drawer of his 
desk and provided a publication that contained 
generally more acceptable estimates. Upon 
comparison with estimates from the model, the 
FAO and OAS estimates were similar, as seen 
in Table 2. This experience was the most con- 
vincing evidence found for accepting the model 
structure and was used subsequently to illus- 
trate the model’s validity to decision-makers. 

Discrepancies between the MAC estimates 
and those of FAO and OAS were explained by 
animals being counted on farms by MAC when, 
in fact, they were brought into Venezuela from 
neighboring countries. Because these imported 


í Numerical estimates of parameters were provided by 
the authors and various experts and were subsequently re- 
fined through sensitivity runs of the model. 
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Table 2. Venezuelan cattle population, 1961- 
1970 


Eatimatesof Estimatesof Estimatesof Estimates of 
F. OAS the model 
(1,000 animals) (1,000 animals) (1,000 animals) (1,000 animals) 





1961 6,519 = 6,519 6,519" 
1962 724 — 6,502 6,530 
1963 6,936 — 6,572 6,600 
1964 7,155 _ 6,650 6,720 
1965 380 6,735 6,735 6,850 
1966 7,612 6,822 6,822 6,950 
1967 "852 6,911 6,911 7,020 
1968 8,102 ~ 7,000 7,070 
1969 8/289 Š% 2 7,100 
1970 8/499 = — 7,110 
a Initial condition of model. 


(smuggled) animals stayed on farms only a 
short time, they did not represent the basic 
Venezuelan cattle population nor a component 
of the off-take. Other historical data series, too 
numerous to reproduce here, were also checked, 
e.g., demand for beef and milk, importations of 
beef cattle and milk, and hectarage of culti- 
vated pasture. 

A third test of the model’s validity was to 
subject the model to various kinds of exoge- 
nous shocks which had not been historically ob- 
served and then compare the results with ex- 
perts’ common sense or intuitive judgments 
concerning the likely outcomes of the shocks 
when applied to the real system. Such shocks 
include governmental programs and policies. 
Introduction of an entirely new institution, 
such as a free market, into a previously con- 
trolled situation can be checked against gen- 
eral outcomes predicted by economic theory. 
Results presented in the subsequent section 
illustrate the types of shocks to which the com- 
puter model was subjected and the types of be- 
havior produced. 


Model Application 


After the model was refined and the first two 
validity checks were made, a computer run was 
made to establish a base against which all other 
experimental runs could be compared. Experi- 
mental runs incorporated various policy and 
program alternatives. The base run started 
with initial conditions as of 1961, and the com- 
puter program generated the historical period 
to 1970 and then the projected period to the 
year 2001. A graph of the base run showing the 
total population, the traditional herd, the mod- 
ern herd, and the supply and demand of ani- 
mals is reproduced in Figure 2. The values of 
these variables in 2000, as well as others useful 
for policy-making purposes, are shown in Table 
3. 
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The urgency of creating a viable active pro- 
gram by the government for the cattle industry 
was apparent to decision-makers from the re- 
sults. Total animal population has probably 
reached its maximum and will soon start to 
fall, decreasing to a total herd of 5,850,000 head 
in the year 2000. This constitutes a reduction of 
17.5 percent from an estimated 1972 herd. 
Loss of population occurs in the traditional 
herd, falling 25.1 percent in the 28-year period 
and reaching 4,780,000 in the year 2000, be- 
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cause of increasingly poorer range conditions 
and increased competition for thie use of tradi- 
tional pasture. In the year 2000 the range index 
is calculated to be only 65.7 percent of what it 
was in 1961, while traditional pasture land de- 
creases 19.7 percent from 1972. Thus nutrition 
intake is low, averaging in the year 2000 only 
879 kilos of consumed TDN per animal: Aver- 
age range density is calculated to be 2.55 hec- 
tares per animal. , 
As the a population falls, the mod- 
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Figure 2. Basic run of Venezuelan cattle component 
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Table 3. 
with the base run in the year 2000 
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Comparison of alternative campaigns and programs to i increase livestock productivity 





Alternative V Alternative VI Alternative VII 























Base run value of R Comb 6 R Comb 7 R Comb 8 
variable percent of percent of percent of 
B. run B. run B. run 
1. Supply beef (SUP) 904,000 head 156.0 169.28 161.5 
2. Demand beef (DEM) 2,430,000 head 92.6 64.2 58.8 
3. vie er head to producer (PA) Bè? 550/head 115.5 154.4 156.0 
4.R price per head (PAR) B 662/head 108.6 154.1 155.6 
5. Total herd (TP) 5,850,000 head 100.7 102.2 101.5 
6. Traditional herd (TTP) 4,780,000 head 65.9 56.9 60.9 
7. Modern herd (YMP) 1,070,000 head 256.1 304.7 284.9 
8. Extraction rate «155 154.4 165.1 158.6 
9, Supply milk (QM) 1,020,000,000 kg 204.9 230.4 222.5 
10. Demand milk (DEMM) 2,020,000,000 kg 100.0 100.0 100.0 
11. Range condition (RCON) .657 110.2 109.3 110.4 
12. Nutrition modern, TDN/animal 
(TDNAM) 1,360 kg/head 100.0 100.7 100.7 
13. Nutrition traditional, TDN/ani- 
mal (TDNAT) 879 kg/head 122.9 124.0 125.1 
14. Grazing rate traditional (hectare 
per animal) (GRT) 2.55 ha/head 103.5 98.4 102.0 
15. Cattle income net of cash expenses 
(CFFAR) B 730,000,000 per year 195.9 246.6 265.8 
16. Discounted accumulated cattle 
income (AVDPT) B  4,540,000,000 138.8 152.4 142.1 
17. Discounted accumulated invest- . 
ments (private and public) (ADEX) B 1,170,000,000 191.5 217.1 198.3 
18. Accumulated foreign exchange : 
(cattle products) OREXA) B 25,900,000,000 42.1 7.4 21.9 
19. Value of cattle and associated land 
(VALCAP) B  5,240,000,000 116.8 143.9 143.5 
20. Land in modern cattle production 
(LGM) 2,650,000 ha 232.8 282.3 262.3 
21. Land in traditional cattle produc- 
tion (LGT) 12,200,000 ha 68.5 56.1 62.3 
22. Cultivated pasture (LCG) 8,810,000 ha 164.9 162.7 165.7 
23. Meat per ap ita from domestic 
supply (TMPCS) 5.3 kg/capita 171.9 190.2 180.4 
24. Meat per capita from domestic 
supply and imports (YMPC) 13.7 kg/capita 105.8 75.2 67.9 
25. Imports of beef (IMP) 1,530,000 head 54.6 1.8 —2.0 
26. Imports of milk (IMM) 1,000,000,000 kg ~7.6 —3.3 ~2.6 





"Italicized values refer to “best” of the three alternatives for an objective given by that line. 


b B indicates bolivars; one dollar equals about 4.3 bolivars. 


ern population increases (see Fig. 2). During 
the 28-year period, modern (cultivated) pasture 
land increases 27.0 percent. The nutritional 
level for the modern herd also increases because 
of an even faster increase of land shifted from 
traditional to modern production (55.9 per- 
cent). TDN consumption per animal per year 
‘reaches 1,360 kilos in the year 2000. The in- 
creasing modern herd, however, does not ex- 
pand enough to change the downward trend in 
the total population. 


Animal off-take increases but still remains 
very low. By the year 2000 it will be only 15.5 
percent. As a result of the low off-take and 
decreased total herd, the increase in domestic 
supply of beef is also small—904,000 head by 
the year 2000, up only 7.6 percent from the 
1971 slaughter. It will provide a per capita 
consumption in that year of only 5.3 kilos of 
domestically produced beef. 

Demand for beef will continue to grow 
through increased population and per capita 
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income, with a demand for 2,430,000 head an- 
ticipated by the year 2000. As a result of the 
increasing deficit between rapidly increasing 
demand and nearly constant level of domestic 
production, importation of animals by 2000 
will increase to 1,530,000. 

Milk supply also levels off. A production of 
1,020,000 tons of fluid milk are produced in 
2000. By that time, however, demand will have 
grown to 2,020,000 tons, necessitating an im- 
portation of the residual 1,000,000 tons. Im- 
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portation of milk and beef will obviously be a 
major leakage and cause a serious strain in the 
national balance of trade. 

Cattle income net of cash expenses will reach 
730,000,000 bolivars per year, a 68.6 percent 
increase from 1972. Value of the cattle and as- 
sociated land will decrease 13.1 percent, being 
5,240,000,000 bolivars in the year 2000 as a 
result of decreased cattle numbers. Discounted 
accumulated investments in pasture develop- 
ment from both private and public sources will 
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shift to modern methods campaign 
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Alternative VI 
Figure 4. Price policy 3, pasture improvement program, herd management campaign, new land program, and 


shift to modern methods campaign 


amount to 1,170,000,000 bolivars (the invest- 
ment stream was discounted at the rate of 8 per- 
cent). 


Policy alternatives 


In general the policy runs include price 
policy alternatives, production campaigns and 


extension, subsidy or direct government invest- 
ment, research programs, and disease control 
projects. While this is not an exhaustive list of 
possible policy alternatives, it should be con- 
sidered as illustrative of the types of policies 
and programs that can be tested. Policies and 
programs are introduced as of 1972, or the 11th 
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Alternative VIL 
Figure 5. Price Policy 2, pasture improvement program, herd management campaign, new land program, and 


shift to modern methods campaign 


year of the simulation run, and results are 
generated for 30 years to 2001. 

The price policies include (1) increasing the 
price to producers approximately 15 percent 
(550 to 635 bolivars per head) in 1972 and 
reducing the marketing margin ratio from 
1.204 to 1.133, i.e., the ratio of the retail price 


per. head to the producer price per head; (2) 
increasing the producer price at the rate of 2 
percent per year from the 1972 base price; and 
(3) allowing the free market to determine pro- 
ducer prices. 

Production campaigns and extension include 
information programs to modify herd manage- 
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ment and to shift cattle production from 
traditional to modern methods. Government 
subsidies or investment include an animal feed 
supplement program, a pasture improvement 
program (increasing cultivated as contrasted to 
natural pasture), and deforestation and subse- 
quent introduction of new land. The research 
program involves increasing the productivity of 
pasture land in the modern sector. A specific 
disease project as proposed by the Dirección de 
Ganadería, MAC, was simulated using the base 
model and in conjunction with the first price 
policy and the other campaigns and programs. 

Several combinations of the policies and 
programs were simulated. Starting with the 
15 percent price increase program, policies or 
programs were added one by one. Then, with 
the full complement of programs, the price 
policy was changed to 2 percent increase per 
year and finally to the free market price. 

Five variables—demand, supply, modern 
herd, total herd, and traditional herd—were 
plotted on graphs to illustrate the impacts or 
increments that each policy or program had on 
each variable. These graphs were reproduced 
on 30 by 42 inch plastic overlays so that com- 
parisons could be made between policy al- 
ternatives. These large graphs were used ex- 
tensively to communicate the outcomes of 
policy alternatives to governmental officials, 
ministers, the country’s president, and to the 
news media. Unfortunately the presentation is 
more restricted here. Shown in Figures 3, 4, 
and 5 are graphs of the five variables for each 
of the three price policies when all other pro- 
grams are included. In Table 3 the three 
alternatives are compared with the base run. 
Values of selected variables are shown for the 
base run for the year 2000, and the outcome 
for each alternative is expressed as a percentage 
of the base run. This, too, is a much abbreviated 
version of the original table. 

Although many interesting comparisons can 
be made from Table 3 (see italicized numbers), 
there are conflicts between the alternatives in 
attempting to achieve a set of multiple objec- 
tives. For example, Alternative V maintains 
consumption per capita and has the largest 
traditional herd. Alternative VI maximizes con- 
sumption per capita from domestic supply, has 
the largest modern herd with a large hectarage 
of cultivated pasture and the largest extraction 
rate, and the smallest foreign trade deficit. 
Alternative VII provides the highest price to 
producers and the greatest cattle income net of 
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cash expenses. The conclusion is that - while 
computer simulation is a powerful tool in the 


decision-making process, it is not a replacement 
for the decision-maker. 


Government implementation 


Results from the “shock” tests of the model 
were reviewed by various experts and policy 
makers. In addition, the results were shown to 
cattlemen’s associations, professional associa- 
tions, university personnel, and local govern- 
ment officials [7, 8]. While the authors par- 
ticipated in some of these presentations, the 
director of the Livestock Project and the Direc- 
tor of Agriculture of CORDIPLAN, the 
national planning agency, were most prominent 
in presenting the results. 

In August 1972, approximately a year from 
when model development was ‘undertaken, the 
government announced an increase in the price 
of beef to producers and consumers and a reduc- 
tion in the marketing margin. The percentage 
increase in the price is uncertain, in that differ- 
ent prices were set for different grades of meat, 
the percentages of which are unknown at this 
time since historically no grading was done. In 
addition, it was announced that over 600,000,000 
bolivars were being allocated to credit programs 
for pasture improvement and improved cattle 
management. This is equivalent to the ac- 
cumulated amount over the past 10 years of 
monies allocated for these purposes. The new 
programs include disease prevention campaigns 
and a classification of meats into various grades. 
The final form of the entire program has not 
been specified, but the computer model is 
likely to play a further role in the development 
of the combination of programs to be carried 
out. 

The announcement of the price increase and 
the new livestock programs have caused an 
uproar in the newspapers and on television. 
At this writing, the opposition parties to, the 
one in power have promised that the problems 
of the Venezuelan cattle industry and their 
possible solutions will be an issue in the 1973 
presidential election campaign. Whether the 
final outcomes, in reality, are anything like 
the model’s prediction, the model and the 
results have had some impact upon prompting 
the government to make some necessary de- 
cisions about development of the Venezuelan 
cattle industry. As technicians and problem 
solvers, the authors have tried to stay clear of 
political events but have provided the decision- 
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makers with likely consequences of a number of 
alternatives. These alternatives are not, by 
themselves, value-laden entities; only the con- 
sequences of actions taken by decision-makers 
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lead to the choice where relative good is bal- 
anced .against ultimate evil. Happily, the - 
decision-making has been left to the decision- 
maker. 
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Economic Aspects of a Nuclear Desalination Agro-Industrial 
Project in the United Arab Republic* 


Duane CHAPMAN 


The purpose of the study is to investigate the financial feasibility and social benefits and costs 
of nuclear desalination agro-industrial projects. As presently designed, such a complex appears 
to require deficit fmancing, provide litttle employment, retard national income growth com- 
pared to other investment opportunities, and increase the foreign exchange deficit. 


pirical study of nuclear desalination agro- 

industrial projects. In recent years the 
possibility of desalting sea water to produce ir- 
rigation water for large-scale commercial agri- 
culture and industry has attracted wide atten- 
tion as a means of stimulating cooperation and 
economic development in the Middle East. 
Eisenhower supported the possibility [6], and 
it has received varying degrees of attention in 
the Committee on Foreign Affairs of the House 
of Representatives [19] and the Committee on 
Foreign Relations of the United States Senate 
[20]. 

Previous studies have offered contradictory 
opinions on the economic feasibility of such 
projects. Fried and Edlund believe that it is 
technically and economically feasible to convert 
coastal desert land in Egypt into highly pro- 
ductive agricultural land through a large-scale 
desalting program [7, p. 84]. An opposing 
point of view held by Clawson ef al. is that 
such proposals are not economically practical 
and in fact are “a distinct disservice to the 
people of the region” [5, p. 116]. 


Te paper reports the results of an em- 


Conceptual Approach 


This study employs financial feasibility and 
national income benefit analysis.! The financial 


* A lengthier version of this paper was presented at a 
seminar of the International Center for Marine Resources 
Development at the University of Rhode Island on April 
12, 1972. Thanks go to C. C. Burwell, Naiem Sherbiny, 
John Moyers, Roger Woodworth, and other members of the 
Middle East Study Group at the Oak Ridge National 
Laboratory for their dedication and cooperation. Robert 
Kalter, Timothy Mount, Gavan Butler, the reviewers, and 
an editor are thanked for their comments, as is Jeanne M. 
Ostro for her assistance. This paper reports on research 
undertaken at the Oak Ridge National Laboratory through 
the support of the Agency for International Development 
and the Atomic Energy Commission and the Union Carbide 
Corporation. The research had been classified from 1970 
until April 1972. Views expressed here are solely those of 
the author. 

1 There is much current interest in other project evalua- 
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analysis determines project investment and 
operating costs, revenues, cash flows, and 
profitability with likely market prices and 
government policies. The benefit-cost analysis 
examines the effect of the project on macro- 
economic goals such as employment, foreign 
trade, capital scarcity, and national income. 

El-Hamman, 30 miles west of Alexandria, 
was selected as a potential project site because 
of its soil characteristics, present unsettled 
status, and nearness to market and port 
facilities. Project design was carried forward in 
three simultaneous phases: (1) selection of agri- 
cultural and livestock commodities for maxi- 
mum profit from use of project water; (2) 
examination for maximum profit of industries— 
such as steel, aluminum, elemental phosphorus, 
and ammonia—that have electric-intensive 
production processes; and industries—such as 
solar salt, caustic chlorine, magnesium, nitro- 
genous and potassic fertilizers, and bromine— 
that use seawater; (3) engineering examination 
of 500 megawatt electric power plants (both 
oil fired and nuclear) operated in association 
with 100 or 200 MGD (million galions per day) 
desalination plants to determine least costly 
methods of production. The 200 MGD nuclear 
facility was selected for detailed analysis. Goal 
functions employed in the analysis are separ- 
able (and probably strongly so) into these three 
groups. Within the context of the indicated 
commodities and production processes, it is 
unlikely that the results of an attempt at overall 
optimal design would have been significantly 
different from those of the separate optimiza- 
tions outlined here. 


Financial Analysis 
Initial investment costs total $400 million 


(see Table 1) and are invested over a seven 
year construction period. Annual production, 





tion criteria such as regional development, environmental 
quality, and income distribution. Given the analysis here, 
these criteria are clearly moot in this particular case. 
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Table 1. 











Initial investment cost, 1969 prices _ 
Domestic Foreign 
Item currency currency Total 
=---==-- million dollars -------- 
Nuclear steam, supply . i l 
system l 25.6 ` °63:9 89.5 
Electrical plant’ - ~- 24.4 61:5 85.9- 
Evaporator plant -+ 17.0: © . 86.0 103.0 
Chemical facilities 32.2 21.6 53.8 
Farm 51.4 8.0 59.4 
Working capital 3.1 0.5 3.6 
Total 153.7 241.5 395.2 
Source: [4]. 


revenues, and costs of agricultural and indus- 
trial commodities are shown in Table 2. 

Yield estimates are based upon specific as- 
sumptions of crop variety, soil, climate, water 
use, and cultivation techniques. They are gen- 
erally higher than recent UAR (United Arab 
Republic) and Israeli yields and lower than 
current record yields. Mechanization is “‘inter- 
mediate” between that in the U. S. and the 
UAR. Price estimates were generally at UAR 
levels, with reductions made for crops such as 
cotton and grapefruit with anticipated future 
world paR reductions. 
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Table 3. Receipts and operating costs for 
representative year, 1969 prices 





Domestic Foreign 








currency currency Total 
-------- million dollars -------- 
Receipts 
Aged producte, 31.5 7.1 38.6 
Chemicals 6.1 7.2 13.3 
Electricity 19.9 0 19.9 
Total Receipts 57.5 14.3 1.8 
Operating costs* 
Nuclear steam supply 
system 0.5 0.5 1.0 
Electrical plant 0.3 0.3 0.6 
Nuclear fuel 0 6.6 6.6 
Evaporator plant 0.7 0.7 1.4 
Chemical facilities 1.4 0.5 1.9 
Farm 16.2 2.1 18.3 
Total operating costs 19.1 10.7 29.8 
Net receipts 38.4 3.6 42.0 
Source: [4]. 


e Includes replacement investment cost. 


Most industrial products cited above were 
rejected because of distance from raw material 
sources and/or markets. Table 3 shows re- 














Table 2. Selected production characteristics of UAR agro-industrial complex pii with full 
capacity production and 1969 prices 
: . Annual Annual Direct annual 
Commodity ince Pa production’ revenue cost 
. (1000 cwt) - ($1000) ($1000) 
Wheat 6,000 . 3 1,411 4,234 1,183» 
Corn: 9,000 2.2 119 261 847» 

_ Raw cotton 3,090 10 463 4,632 1,515 
Peanuts 3,800 7 462 3,237 1,180 
Oranges ` ` 44,000 3 440 1,320 512 
Broad beans 3,420. 5 855 4,275 1,650 
Spring potatoes - 43 , 200 1.5 3,025 4,536 2,359 > 
Winter potatoes 27,000 2 270 540 321 
Tomatoes 52,000 “1.2 520 “624 341 
Onions 33,200 1.9 1,992 3,780 1,866 
Cantaloupes 18,000 45 90 405 223 
Mik es 5 1,080 5,400 2,475 
Cull cows = $188 ea 1,980 ea 380 p 
Calves — $ 15 ea 5,300 ea 80 p 
Eggs = $0.35/doz 5.4 mil doz 1,890 1,113 
Cull hens — $0.54 ea 0.25 mil 135 i 
Broilers a 19.5 147 2,860 1,575 
Electricity pes 5.8 mills 3.43 bill 19,900 622 

per KWH KWH 
. Crude salt — 0.125 31,600 3,950 1,888 
Refined salt _ 1.0 6,570 6,570 a 
Caustic — 3.0 940 2,820 a 
Source: [4]. 


a Includes corn and wheat grown for feed. 
b Included in milk production cost. 

e Included in egg production cost. 

4 Included in crude salt production cost. 
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ceipts and operating costs for a representative 
year of full production? 

These costs and revenues are included in the 
first six columns in the cash flow summary of 
Table 4.* Capital investment is naturally con- 
centrated in the early years, but replacement 
investment occurs throughout the life of the 
project. Most notable is the foreign currency 
investment of $16 million each in 1992 and 
1993 for replacement evaporators in the de- 
salination plant. At the end of the production 
period in 2007, the farm has a resale value of 
$19 million. Also of interest is the salvage of 
nuclear fuel, which returns $2-3 million each 
year from 2008 through 2011. Operating costs 
are relatively constant over time. Fourteen 


years are necessary for agricultural output to. 


reach full production, but electricity and chemi- 
cals are assumed to be produced at capacity 
levels in the first year of operation in 1978 and 
thereafter. 

Domestic taxes might be applied to profit, 
gross receipts, value added, or property. In the 
first repayment analysis, the Guide for Eco- 
nomic Evaluation of Nuclear Reactor Plant De- 
signs [13, pp. 2-5] is followed. Annual tax is 
computed at 4.88 percent of the value of invest- 
ment capital (column 7). The tax assumption 
varies in subsequent analyses. 

Price controls have limited inflation in the 
UAR. From 1959 to 1969 the consumer price 
index increased 2.9 percent per year [21]. This 
was assumed to be valid for all domestic project 
costs and revenues and foreign operating costs 
and revenues and is the basis for the price 
index in column 8. The Bechtel Corporation 
estimated that capital costs for the project 
would increase 8 percent per year indefinitely 
[1, pp. 11-12]. It is assumed here that foreign 
capital costs increase 8 percent per year through 
the construction period and that the rate of 
increase slows 0.5 percent per year until it 
reaches the 2.9 percent per year domestic 
inflation rate (column 9). 

Price indices are utilized to define the actual 
net expenditures or income in columns 10 and 
11. The tables indicate cost and revenue esti- 


? The agricultural analysis summarized here was pre- 
pared by R. C. Woodworth, T. Tamura, and C. M. Farmer 
[24]. The industrial products analysis was prepared by 
H. E. Goeller, the Union Carbide Corporation, and J. C. 
Moyers [8]. 

3 Table 4 presents in summary form every fifth year of a 
complete cash flow which estimates each item in Tables 
1-3 for each year, 1971 to 2011 [4]. 


Table 4. Repayment analysis summary with original assumptions, 1971-2011 


Basic cost Foreign 


Domestic 
operating 


F 


Actualnet Actual net 
domestic i 


reyenues 


capital 


and 


foreign 


capital 


investment 


capital 


investment 


Year 


costs 


(10) 


(6) 


(5) 


(3) 


(2) 


(1) 
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0756 
8271 
2748 
2128 
7525 
4406 
1553 
6674 


0489 


—4 
369 
$73 
— 732 
-930 

L171 
— 1282 
1377 
1561 


9 

~~ 125 
~~ 222 
~~ 146 
—4 

0 

0 

9 

8 


2673 
0984 
8602 
0005 
5504 
9572 
7713 
0071 











‘i 


Soarce: [4]. 
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` mates for domestic UAR currency and foreign 
(primarily U. S.) currency. The bulk of initial 
investment is in foreign currency, while net 
receipts are essentially in domestic currency. It 
is reasonable to assume that foreign borrowing, 
purchases, and sales would be undertaken 
through accounts distinct from domestic ac- 
counts. Traditional foreign lenders such as 
commercial consortia, international banks and 
development funds, and foreign governments 
are conceivable investors. The exchange rate of 
$2.30=LE existing in 1970 was probably too 
high; the UAR has a large recurring balance 
of payments deficit. It is here assumed that 
domestic earnings might retire foreign debt 
at a ratio of 0.87 to 1 (i.e., an exchange rate of 
$2.00=LE). After discussions with financial 
experts in UAR development financing, a 5 
percent rate was selected as a possible annual 
interest charge on foreign and domestic invest- 
ment.‘ 

Accounts open in 1971 when design work is 
assumed to begin on the nuclear power, 
evaporator, and chemical facilities. Accounts 
close at the end of 2011 when the last of the 
unused reactor fuel will have been sold. All 
foreign earnings are applied to the foreign 
account. Because of the foreign exchange 
problem, domestic earnings are first used to 


4 Official exchange rate as of August 1, 1972 was $2.35 
== EE. This reflects both the absence of a UAR devaluation 
and the recent U. S. devaluation. The approach here and 
in the benefit-cost analysis following is analogous to the 
shadow exchange rate of McGaughey and Thorbecke 
[11, pp. 33-36]. These questions were discussed at a semi- 
nar to consider financial analysis on September 28-29, 
1969. Personnel with Middle East responsibilities in an 
international development fund, a U. S. Development 
Agency, and a commercial bank participated [14, 15]. Also, 
see Chandavarkar [3]. 
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retire domestic debt. Subsequently they are 
applied to foreign debt at the 0.87 conversion 
factor. Interest is charged to accumulated debt 
at the end of each period and to any excess of 
costs over revenues when debt exists. If foreign 
debt is retired, both accounts accumulate 
surplus and interest earnings separately. These 
definitions result in the remaining four columns 
in Table 4. As a consequence of these assump- 
tions, domestic debt is retired in’ 1992, but 
foreign debt grows throughout the period. until 
it reaches $1.6 billion at the end of the project 
(see Tables 4 and 5). 

It is simple to program these relationships 
(see Appendix) in order to examine the sensi- 
tivity of the results to changes in assumptions. 
Suppose the fixed capital tax is replaced by a 
value added tax. In the latest year with avail- 
able data (1960), the ratio of (a) tax payments 
by all producing units to the government, 
divided by (b) total value added by all eco- 
nomic activity was .229.5 For a project, value 
added is wages plus annual net return before 
taxes. With a 22.9 percent annual value added 
tax replacing the annual fixed capital tax, 
foreign debt falls to $283 million by 2011. 

Further tax assistance might be offered by 
setting taxes at 5 percent of gross receipts. In 
this case surpluses accumulate. Domestic sur- 
plus reaches $645 million and foreign surplus 
is $57 million at the end of the project. 
` Other financial arrangements might be under- 
taken in which the original fixed capital tax 
is used. If foreign components of the nuclear 
steam supply and the electrical plant are 
donated and domestic earnings are accepted 


5 -= .299 figure is calculated from data in Mead [12, p. 
276]. 


Table 5. Summary of repayment analyses with assumed actual future prices* 





Repayment assumptions 





Year domestic 


No forgiveness, end of project? 


debt (—) or surplus (+) Foreign debt forgiven 








debt retired Domestic Foreign Year Amount 
($1,000,000) ($1,000,000) 
Original 1992 0.0 —1561.7 1978 461.7 
Tax=22.9 percent of value added 1986 —13.4 —282.6 2009 251.2 
Tax=5 percent of gross revenue 1984 645.3 57.3 ° e 
Donated foreign nuclear and electrical 
investment, oficial exchange rate 1992 0.0 —160.6 . 2009 145.7 
No interest on foreign capital 1992 192.3 78.5 ° ° 





© Beginning of basis. 
b Project ends in 2011. 
e Surplus. 
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for remaining foreign debt, then that debt is 
$161 million at the end of 2011. 

Suppose no interest is charged or accrues to 
the foreign account. Here a surplus results of 
$192 million domestically and $78.5 million in 
the foreign account. 

Five analyses are summarized in Table 5. 
Included is foreign debt forgiveness for the year 
with minimum foreign debt. This amount indi- 
cates the smallest debt that could be written 
of as a grant subsidy to enable the project 
to operate to its termination and leave no 
outstanding debt. For example, in the original 
case either $461.7 milion dollars could be 
forgiven in 1978 or the project would come to 
its end in 2011 with $1.562 billion in outstand- 
ing foreign debts. Financial viability apparently 
requires substantial tax assistance, foreign capi- 
tal donations, or both. 


National Income Benefits and Costs 


Particular economic objectives to be con- 
sidered are national income, employment, 
capital scarcity, and foreign trade. 

There are three categories of domestic em- 
ployment in the complex: construction labor, 
agricultural labor, and skilled technicians and 
engineers. In each case it seems likely that 
unemployment or substantial underemploy- 
ment characterizes UAR labor markets. There- 
fore it is assumed that the wages of such labor 
add value to national income.’ Admittedly 
this is a controversial position. The cited evi- 
dence is weak. It might be argued that some 
fraction less than one is the correct proportion 
of domestic wages that is an addition to na- 
tional income. As noted below, the particular 
asssumption employed makes little difference 
in the conclusions. Domestic wages total $50.6 
million during construction and are $3.1 million 
annually during project operation. Direct em- 
ployment would be 9000 man-years per year 
during production. 

A social discount rate of 10 percent is con- 
sistent with benefit-cost analysis in developing 
countries in general [11; 10, p. 184] and the 
UAR in particular [16]; it is utilized here. 

The UAR has a chronic foreign exchange 
deficit and is at times unable to import needed 
fertilizers, replacement parts, and other in- 
dustrial necessities because of this [17, 21]. By 


6 See [21; 12, pp. 31-41]. This view is taken in unpub- 
lished research by C. Nader and N. A. Sherbiny. A partly 
contradictory view is held by Hansen [9]. 
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taking the preceding discussion of convertabil- 
ity as a guide, imports are penalized 15 percent 
and exports and import substitutes are given 
a premium of 15 percent. (At full production, 
domestic import substitute sales are $6.5 
million of a total $57.5 million domestic sales.) 

It is generally assumed in benefit-cost 
analysis that inflation affects all benefits and 
costs equally; therefore, the sign of net benefits 
and the size of the benefit-cost ratio are un- 
affected. However, the discussion of inflation 
above suggests that the nuclear steam supply, 
evaporator, and other foreign capital prices 
will increase faster than other prices. This 
greater rate of increase is 5.1 percent (8 percent 
minus 2.9 percent) through 1977, and the rate 
of increase decreases 0.5 percent annually until 
it stabilizes at zero. Thus there is an overall 
1969 price base with an allowance for relative 
price increase in foreign capital components. 

Particular measures of national income bene- 
fits and costs used here are net present value, 
benefit-cost ratio, and internal rate of return. 
They are defined as follows: 


B= 22D Ball +9)! 


tea] tea} 


(1) 


(2) C= 5 Dy CuCl + r) 


tml kel 


(3) N=B-C 
(4) BCR = B/C 
(5) IRR = [r:B = C] 


where ¢ is each year of the time horizon from 
the beginning of design and construction to 
the end of production and liquidation of sal- 
vageable assets; B is present value of bene- 
fits at beginning of year 1; C is the same for 
costs; N is the net present value of benefits and 
costs; BCR is the benefit-cost ratio; r is the 
social discount rate; IRR is the internal rate of 
return (the social discount rate such that the 
present value of benefits exactly equals the 
present value of costs); Bı is export sales in- 
creased by 15 percent premium; Bz is import 
substitution sales increased by 15 percent 
premium; B, is other domestic sales; By, is 
domestic wages; C, is import purchases of 
capital goods adjusted by price index and 
increased by foreign exchange penalty; C} is 
import purchases of operating supplies in- 
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Table 6. Benefit-cost analysis summary 


Social Net Benefit 





Present value Present value 
discount “of benefits of costs benefits Di 
percent = - - ------ ---------- million dollars --------- ------- 
10 364.5 —129.7 0.74 
15 187.2 342.2 —555.0 0.55 
5 826.5 801.4 25.1 1,03 
5.45 762 762 0 1.00 





creased by penalty; and C; and C, are domestic 
capital and operating expenses. 

Since gross national product is the sum of 
value added, net present value can be inter- 
preted here as the present value of direct 
GNP changes adjusted for foreign exchange 
premiums and penalties. 
` The first row of Table 6 shows the results, 
which are clearly uncomplimentary; net bene- 
fits indicate a loss of $130 million, and the 
benefit-cost ratio is less than one. The social 
discount rate of 10 percent can be bracketed 
by computing net present values for rates of 
5 percent and 15 percent (see rows 2 and 3). 
The 15 percent rate lowers the BCR to 0.55, and 
the 5 percent rate has a small positive net 
benefit. If 15 percent is more likely to be cor- 
rect than 5 percent, the implication of this 
bracketing is negative. The social internal rate 
of return is 5.45 percent. 

Difficulty in determining the national income 
employment gain has been noted. Alternatively, 
it can be postulated that the 9,000 man project 
labor force would not be otherwise unemployed, 
and the domestic wages for operation and con- 
struction are not a national income benefit. In 
this case the present value of the net benefit loss 
becomes — $173 million at a 10 percent social 
discount rate, ~$185 million at 15 percent, and 
— $46 million at 5 percent. 


Conclusions 


Within the context of the assumptions em- 
ployed here, the nuclear powered agro-indus- 
trial complex utilizing desalinated seawater 
would be unable to be self-sufficient financially 
and would retard national income growth in 
the United Arab Republic. 

Project employment has been an important 
U. S. policy goal. This, in turn, has been re- 
lated to expectations for refugee settlement. 
For example, Senate Resolution 155 stated: 

Whereas the greatest bar to a long-term settle-., 

ment of the differences between the Arab and 

Israeli people is the chronic shortage of fresh 

water, useful work, and an adequate fóod sup- 

ply;... Resolved, That it is the sense of the 
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Senate that the prompt design, construction, 
and operation of nuclear desalting plants will 
provide large quantities of fresh water to both 
Arab and Israeli territories and, thereby, will 
result in—(1) new jobs for the many refugees; 
(2) an enormous increase in the agricultural pro- 
ductivity of existing wastelands; (3) a broad 
base for sana between the Israeli and 
Arab governments.... [20, p. 1] 


i 


There were about 1.35 million refugees prior 
to the 1967 war and perhaps 1.7 million after- 
wards [2]. With an assumed labor participation 
ratio similar to Egypt’s [12, p. 33], a maximum 
employment goal would be 510,000 man-years. 
With a third of this assumed as a specific goal, 
57 projects identical to this design would be 
required. Investment capital would be $22.5 
billion, and the present value of national in- 
come benefit loss (from Table 6) would be 
$7.4 billion. 

Fried and Edlund have suggested that de- 
salination agriculture in the Middle East is 
feasible if it can be assumed that crude oil is 
donated ‘‘at a price that would cover its pro- 
duction and transportation costs” [7, p. 163]. 
The UAR produces some oil but also has sub- 
stantial imports. Simply selling the same crude 
oil abroad would make a greater contribution 
to UAR national income. 

Roger Woodworth [24] estimated that effi- 
cient irrigation agriculture in the UAR would 
be feasible at a water price as high as 3.6 cents 
per thousand gallons with a 10 percent interest 
rate and 10.9 cents per thousand gallons with a 
5 percent interest rate. Both figures are signi- 
ficantly below the cost of the most efficient 
large-scale desalination plants being designed.’ 

It is concluded here that joint production of 
electricity, salts, and agriculture based upon 


1 A. D. K. Laird summarizes the state of the art in engi- 
neering economics in this way [23, pp. 1~5]: (1) current 
design plants of one to five MGD capacity may desalt 
water at 50 to 80 cents per 1000 gallons; (2) larger plants to 
be built in five to 15 years may produce water at 20 to 40 
cents per 1000 gallons; (3) very large plants built after 
1985 may produce water at 10 to 15 cents per 1000 gallons. 
Laird’s estimates are apparently in 1970 dollars with a 
5 percent interest rate. Similar views are expressed in [22]. 
Juxtaposing Woodworth’s agricultural analysis with Laird’s 
desalting estimates suggests financial feasibility is at least 
15 years away and positive project net benefits are further 
into the future. But this juxtaposition of Laird-Woodworth 
estimates is partially misleading since any large-scale 
desalination agriculture would be part of a larger project 
analogous to that analyzed here. Joint production of power 
ae water is less costly than the separate production of 
eac 
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seawater desalination with either nuclear power 
or oil is not economically feasible in the United 
Arab Republic in the foreseeable future. Such 
production appears to require deficit financing, 
provide little employment, retard national 
income growth compared to other investment 
opportunities, increase the foreign exchange 
deficit, and require substantial capital. 
However, it is not correct to conclude that 
large-scale agro-industrial projects are inherent- 
ly infeasible in the UAR or elsewhere in the 
Middle East.2 Naiem Sherbiny [17] has sug- 
gested that a suitable project would (a) utilize 
indigenously profitable industries such as glass 


$ It would also be incorrect to conclude that desalination 
is infeasible in other uses now. World desalination capacity 
now exceeds 300 MGD [23, p. 1] and is expected to reach 
1 billion gallons per day in 1975 [22, p. iii]. 
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and glass products, paper products, pesticides, 
herbicides, fertilizers, clothing, and processing 
of agricultural products; (b) produce agricul- 
tural commodities for import substitution and 
export such as grains, fruits, and vegetables; 
and (c) use oil and/or hydropower as energy 
sources and ground water and/or reservoirs as 
irrigation sources [18]. These suggestions can 
be contrasted with this project’s design empha- 
sis on power-intensive industry, water-efficient 
crops, nuclear power, and desalination. 

In retrospect, the process of analysis suffers 
from what might be termed “problem reversal.” 
That is, it began with a presumed solution and 
attempted to relate it to the problem. To the 
extent that these difficulties characterize other 
power and water development projects, it is of 
general interest to economists in developing 
and developed countries. 
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APPENDIX 


The following relations define the basic ele- 
ments of the program used in the financial 
and benefit-cost analyses. The variable sub- 
script corresponds to the column number in 
Table 4; 1971 is year 1 (ie., #=1). Nominal 
prices are ‘assumed actual future prices. 

1-6. Domestic capital investment (X), for- 
eign capital investment (X3), domestic 
operating costs (X3), foreign operating 

` costs (X4), domestic sales (X5), and export 
sales (Xs) are taken from [4] and are in 
1969 prices. 
7. Domestic tax, first repayment analysis 


: 7 
Xr, = 0488 X (Xi + X2,.). 
læ] 


8. Basic cost and revenue price index, 
1969=1.00 


Xa, = (1.029) 
9. Foreign capital price index, 1969 = 1.00 


Xo, = (1.08)+! for £= 1 through 8 
= (1.08 — .05(¢ — 8))X o, 1 
for #= 9 through 18 
= 1.029Xs,—ı for ¢ = 19 through 41. 


10. Actual net domestic revenues, nominal 
prices 
Xio = (Xs, — Xiu — Xin — Xr) Xese 


11. Actual net foreign revenues, nominal 


prices 
Xine = (Xo a Xa) Xs: = Xa, tXo, 


12. Domestic interest earnings or charges, 


nominal prices 
Xis, = 05(X 1,1 + X10,:) if Xia <0 
= 05 Xis if Xion 2 0. 


13. Foreign interest earnings or charges, 
nominal prices ` 
Xise = .05(Xis1 + Xu) if Xu <0 
= 05X01 if Xu. 2 0. 


14. Domestic debt or surplus at year’s end, 
nominal prices (S represents the sum of 
domestic debt, interest, and revenues to 
be used either in the domestic or foreign 


account; see text.) 
S: = Xy4,t-1 + Xine + Xio.: 
Xii = S: if St < 0 Xis, i > 0 
=0 if Xine1<0 and S;>0. 


or 


15. Foreign debt or surplus at year’s end, 


nominal prices 
Xis = Xis, + Xise + Xue + 87S, 
if Xu <0 and S;>0 
= Xm, t Xiu t Xi l 
if X15,t-1 > 0 or Si < 0. 


For the 22.9 percent value added tax case, 
domestic wages (Xis) are $3.053 million each 
year from 1978 through 2007, value added 
(Xir) is Xis t Xs+ X—e—Ag—Ay— Xq— X. The 
domestic tax (X7) is now 0.229 X17. Calcula- 
tions proceed as in the previous case. 

With the tax at 5 percent of gross revenues, 
X1=.05(X;+X6). 

When the foreign nuclear and electrical in- 
vestment is donated and the then-official ex- 
change rate is used, foreign capital investment 
(X3) is reduced about 50 percent (see Table 1). 
In Xw, 0.87 is replaced by 1.0. 

In the analysis for no interest on foreign 
accounts, Xj3=0. 

For the benefit-cost analyses, the social 
benefit and cost variables are derived from the _ 
X variables as indicated in the text. 


A Methodology for Investigating the Importance of 
Government Intervention in Farmers Decisions* 


Ricwarp E. Just 


A methodology for empirical investigation of the importance of subsidies, price supports, allot- 
ments, and diversion programs in agricultural supply response is developed and applied. In- 

` clusion of the interdependent effects of government programs for competing crops is empha- 
sized. Since at least some aspect of the institutional arrangements governing a group of 
competing commodities is often modified, a substantial part of the paper is devoted to the con- 
sistent representation of differing combinations of government program provisions in a single 
modol of supply response. Alternative modifications and interpretations of the model for deal- 
ing with higbly correlated government program variables are then considered. 


sponse has become increasingly difficult 

with the establishment and frequent re- 
vision of the government farm commodity pro- 
grams. Not only must a response model con- 
sider the variation in allotments, price sup- 
ports, and diversion requirements, but the 
- same model must at times be forced into appli- 
cation using time series from both before and 
after the establishment of a program in order 
to have adequate data for.estimation. Further- 
more, when indirect effects of government pro- 
grams for competing crops are also considered, 
the problem of estimation becomes even more 
difficult since the period of investigation will 
often be divided according to the times of es- 
tablishment or major revision of programs for 
a whole group of crops. In some cases, only a 
few years’ data may be obtainable under a 
given set of institutional arrangements.' In this 
paper some possibilities for simultaneous anal- 
ysis of data from periods with different com- 
binations of institutional arrangements are 
examined.? First, a free market in which acre- 
age decisions are based on decision makers’ sub- 


Fh sess of agricultural acreage re- 


* This research was completed at the University of Cali- 
fornia, Berkeley. The author is grateful to the Oklahoma 
Agricultural Experiment Station for the time required to 
complete this paper and to G. M. Kuznets and a Journal 
referee for helpful comments on an earlier version of the 
paper. 

1 For example, data are only available for a single year, 
1954, under the institutional arrangement whereby cotton 
has an allotment and rice does not. ; 

? As reported in a recent issue of this Journal, Houck 
and Ryan [6] initiated research on a general methodology 
for evaluating farm commodity program effectiveness. 
However, their work deals very little with the important 
interdependent effects of government programs since they 
consider only one crop. 
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jective expectations of prices and yields is out- 
lined. The possible effects of taxes, subsidies, 
and price supports on subjective expectations 
are then included, and the effects of allotments 
and diversion requirements on the set of pos- 
sible decisions are considered. Finally, the 
methodology is summarized and an example 
of application is given. 


A Free Market Model 


For the free-market model, decisions are as- 
sumed to depend on price and yield expecta- 
tions which are in turn based on past prices and 
yields. Suppose s; is an #X 1 vector of economic 
state variables including prices and yields of 
interest to decision makers for period é and that 
decision makers form subjective distributions 
for those state variables immediately following 
their observation in period ‘—1. If only the 
subjective means change and all higher sub- 
jective moments are considered constant, re- 
vision of subjective knowledge is generally de- 
scribed by an expectations (or subjective mean) 
vector,’ 


Co] 


(1) m= 2 AES tk—1y 


k=0 


for some set of weights {a+}. 

On the basis of the subjective distribution of 
state variables, decision makers can then con- 
sider the corresponding subjective distribution 
of such outcomes as profits and sales associated 
with any resource allocation decision d; in the 
set of all possible decisions D. Assuming the 
vector of outcomes of interest to the decision 


3 Although changes in the subjective distribution of state 
variables might be more generally described by including 
other moments, the more conventional approach which 
results in a classical distributed lag model is taken here for 
ease of exposition. A more general case is treated in Just [8], 
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maker is completely determined by the ob- 
served prices, and yields in s; and the acreage 
decision vector d;, the subjective distribution 
of outcomes will depend only on d; and m,.4 
Hence, the vector of acreage decisions d; in D 
which corresponds to the most preferred sub- 
jective distribution of outcomes will depend 
only on m. Since the vector of acreage deci- 
sions depends only on m; when D is fixed, the 


decision correspondence can be approximated 


as 
(2) di = Bo + Bum: + é 


for estimation purposes where fp is a pXi 
parameter vector, 6; is a pXn parameter mat- 
rix, and e is a pX1 vector of stochastic dis- 
turbances possibly arising from stochastic 
measurement of decisions, a randomization in 
the decision process, or errors of approximation 
by the linear decision function.’ This paper con- 
siders the possible modifications of a decision 
correspondence represented by (2) that might 
result from government intervention. The gov- 
ernment will be assumed to intervene in any 
combination of the following ways: 


1. By provision of subsidies or imposition of 
taxes on inputs and outputs; 

2. By imposition of restrictions on the use of 
certain inputs; and 

3. By establishment of price support levels 
at which the government would purchase 
all of the commodity which could not clear 
the market at the resulting price. 


‘To see this, suppose the subjective distribution of s¢ is 
represented by g.(s;|m:) since all moments except m: are 
assumed constant and that the vector of outcomes re is 
determined by the outcome function r:=r (s, dı). If the out- 
come function is well behaved so that both the inverse func- 
tion, s=r}(r, d), and the Jacobian of the transformation 
from s tor, J (r, d)=dr—(r, d)/ðr, exist, then the subjective 
distribution of outcomes will be 


Br(re| do m) = gales, do | me] | JOa de) | ` 


which depends only on di and mi 

5 The subjective distribution of outcomes is commonly 
referred to as a prospect (see Savage [11] or Marschak and 
Radner [9]). The existence of personal prospects or the 
ability to treat decision makers as though they exist is 
proved under a general set of axioms in Arrow [2]. All that 
is additionally required for an allocative mechanism such 
as approximated in (2) is the ability of the decision maker 
to rank his personal prospects (i.e. consistent beliefs as 
described by Marschak and Radner). 

ê Lags in decision behavior resulting from technological 
or institutional forces are ignored here. If technological or 
institutional forces in addition to the government programs 
are operative, additional variables would be needed to 
reflect their influence on D. 
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For each case the production sector is assumed 
to be atomistic with each producer facing com- 
pletely elastic supply and demand. 


Subsidies and Taxes 


Assuming that subsidy and tax levels are 
announced prior to the commencement of the 
production process and that producers are in- 
different as to how much of the price paid (re- 
ceived) goes to (comes from) the government 
as opposed to other agents in the economy, sub- 
jective distributions would simply be modified 
by a location parameter. If all taxes and subsi- 
dies are known prior to decision making, the 
mean of the subjective distribution would 
simply be shifted by that amount so the eco- 
nometric model in (2) would become 


di = Bo + Bil: -+ si) +e 


where s;* is the vector of known taxes and sub- 
sidies corresponding to Si 

Tf on the other hand taxes and subsidies are 
in some way stochastic, they might be treated 
in the same framework as the other variables 
for which subjective distributions are formed. 
Hence, it would suffice simply to expand the 
dimension of the state vector s; the expecta- 
tion vector m,, and the associated parameter 
matrix bı. However, if all subjective moments 
of taxes and subsidies beyond the mean are 
constant throughout the period for which the 
econometric model is intended, taxes and sub- 
sidies can simply be combined with prices. 
Hence, m could be redefined as 


œ 


mi = D lsi + Set”) 
Kewl) 


again using the model in (2) where s,** is a 
vector of stochastic taxes and subsidies with a 
structure corresponding to s+. 


Restrictions on Input Use 


Input rather than output restrictions are 
used to control agricultural production in order 
to prevent disposal of commodities after pro- 
duction. The input that is chosen must not be 
easily substitutable in ‘production if the restric- 
tion is to have much effect. It is assumed that 
each firm has a fixed amount of some resource t 
at its disposal (e.g., tillable land in agricultural 
crop production) that is valuable enough in the 
production of some set of outputs so as to be 
completely used in any production plan even 
when restrictions are imposed on use of the in- 
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put in the production of some subset of the out- 
puts. - 

Imposition of a restriction on input use would 
have the effect of limiting the set of possible de- 
cisions D.” Where d; is a real p-dimensional 
decision in D and #* is the number of outputs 
for which resource ¢ is possibly used as an in- 
put, d; might be partitioned as 


a* 


di = ) 
dë* 
where d;*C D* is p*-dimensional and specifies 
the amount of resource ¢ used in the production 
of each of the * outputs.? Hence, when nega- 
tive inputs are not possible, D* can be simply 
described by the equation 


(3) È dř = Dz 


where D; represents the amount of resource 4 
available, and d,,* is the amount of the sth re- 
source used in the production of the jth output. 
If the restriction 


du* < da” 


is placed on the use of resource ¢ in the produc- 
tion of the kth output during part of the period 
of study and the restriction is effective, then the 
description of D* would become 


>» di" = D; = da" 
(4) ent 
Jyek fort E Tp 
du" = du* 
p* 
2 dy" = Di for t = T;**, 
j=l 


where T;* is the period in which the restriction 
is imposed and T,** is the complement of T;* 


7 Although one might consider the variation in restric- 
tions through the state information vector, such a procedure 
is not suggested by the underlying correspondence in (2). 
Restrictions are known prior to decision making and cause 
a variation in D, the set of possible decisions. If D is vary- 
ing, then the decision actually made depends on D in addi- 
tion to m+. On the other hand, if restrictions are considered 
as part of s;, then one has no basis for treating data from 
periods both with and without allotments simultaneously 
since the dimension of s; changes. 

8 The implicit assumption made here is that production 
functions for different enterprises are essentially indepen- 
dent so the amount of resource # (land) used in the produc- 
tion of the jth output (crop) has meaning. 
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in T, the period of time for which the econo- 
metric model is intended. 

Suppose d,* is the set of decisions that would 
be made with respect to resource 7 in the ab- 
sence of restrictions. Then (4) could be written 
as 


Pp 
È d = D; — du* + An" 


sD fort € T, 
du* = du* eae Au* 
where 
aut = dunt for t E T;*; 
Aut = f 
: 0 for t E T". 


Since Aa* not only represents the decrease in 
use of resource ¢ in the production of output k 
but also the additional amount of resource 4 
available for producing other outputs, the 
variation in D might be represented adequately 
in the econometric model by including a Ag* 
term in every equation thus obtaining 


(5) di = Bo + Bum + Au*B: + Et; 


where f3 is a p-dimensional parameter vector.® 
If the restriction is strictly met, the kth element 
of f: might be appropriately constrained 
(æ= — 1). Even with the restriction effective, 
however, the kth element of ĝa might be slightly 
greater in absolute value than what the restric- 
tion, æ= — 1, indicates, for example, due to 
indivisibilities. 
In the above model, then, 
(6) Au* = I albos + Bum — da*) 
where 
1, fort E T,*; 
ge i 
0, fori E 7,**. 


In each case the k subscript references the kth 
element of each of the vectors except in the case 
of Su. which denotes the kth row vector of 6. 
Substituting (6) into (5), the resulting model is 
nonlinear in parameters and requires restric- 
tions for efficient estimation.!’ If the subjective 


° It may, of course be interesting to allow £, and £1 to 
change with the establishment of restrictions in any econo- 
metric investigation, but available time series data often 
prevents the inclusion of extra variables that such an anal- 
ysis requires. 

10 Substituting (6) in (5) we obtain 

di = Bo + Bum + TaBs* +Iapëmp + Iudubi + e 
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distribution of s; remains relatively constant 
during the period of restriction, however, it 
would then suffice to estimate Ay” as 


(7) ` An" = bulu + da*lu 


since m and thus dy* would be nearly constant. 
With the subjective distribution of s; nearly 
constant, bfa would estimate the nearly con- 
stant da* and, hence, Ag* as in (7) would esti- 
mate du*—du*. Thus, the model could be ex- 
pressed as“ 


(8) di = Bo Ez Bimi + Laba + du*Iuß: +e 


where b2= bala and bs= ĝa. Hence, linear meth- 
ods can be used to estimate the model. Further- 
more, efficiency can be attained by imposing 
only the simple constraint of proportionality 
between $3 and fs. If the model is comprised of 
a single equation, i.e., p=1, then no constraints 
are needed for efficiency. 

If the level of the restriction is also nearly 
constant during the relevant time interval (ie., 
i dy*~ba), then 


(9) blabi + datI ubi ~ (bu + ba) aha. 


And, if only the coefficient vector of I is of in- 
terest and not the relative magnitudes of dy and 
baz, then the model in (8) can be adequately ex- 
pressed as 


(10) d= Bo + Bim, + Tu8s*. 


_ where 6:*=(bu+bn)8s. Hence, estimation is 
highly simplified and no constraints are needed. 

Although quite restrictive assumptions have 
been used, the simplifications discussed here 
may perhaps be applicable. Input restrictions 
are often used to regulate an industry. For 
‘example, a usual goal of acreage allotments is 
the stabilization of price and production. Thus, 
if the goal is in some sense achieved, the sub- 
jective distribution of s; (represented by m) 
should change relatively little during the period 
of restriction. Furthermore, the restriction level 
would also be held relatively constant if stabil- 
ization is sought, thus making (10) a model of 
practical applicability. Indeed, agricultural 
acreage allotments have been revised relatively 
little compared to their magnitude in recent 
years. 





where bi“ =Bufs, Bs*=Bu., and £i" =*= f. This model 
is not only nonlinear but requires the imposition of the con- 
straints 6:*=BuSs*, B:*=Bu-, and p= p:* if efficient esti- 
mators are to be obtained. 
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Price Supports 

Price support" programs cannot be simply in- 
cluded in the model as taxes and subsidies are. 
In the simplest approach, price supports may 
be viewed as modifying the subjective distribu- 
tions for prices. Assuming (a) that support 
prices are announced prior to the commence- 
ment of the production process and (b) that 
support programs are administered so as to 
prevent price from ever. falling below the sup- 
port level while being ineffective when a free- 
market price above the support level occurs, a 
decision maker’s subjective distribution of the 
economic state in period ¢ given by g,(s.\|m:) 
would become!? 


0 for se: $ Y: 
ve 


balsi | mi) dsa? 
g* (s: | Mi, Y) = —0o | oa 


for S28 = 
£a(S:| m) 
for Su >> We. 


Pe, Sao > we 


sı is partitioned with sa: representing prices re- 
ceived, y: is a vector of price support levels in 
period ¢ corresponding to sez, and the a and b 
superscripts represent any sub-partition of the 
vectors Sq; and y;. Since variation in the sub- 
jective distribution of s; and, thus, the subjec- 
tive distribution of outcomes no longer depends 
completely on m in (1) but also on ys, the set 
of changing explanatory variables in the econo- 
metric model would be augmented with yi. The 
linearization of the model might now, however, 
be somewhat more questionable. If the support 
level varied several standard deviations above 
and below expected price, the relative effects 
of the support level as opposed to free-market 
expectations would be very much different. 
However, the consequences of linearization 
should not be disastrous even though effective- 
ness varies unless the probability of effective- 
ness of the price support changes drastically. A 
support level may be effective in one period 
and not the next while the probability of effect- 
iveness remains. constant. oe) in ‘support 


11 Although only price support programs for outputs are 
specifically referred to here, the same mechanism would 
also carry through if minimum or maximum input price 
programs were of interest. 

13 Two nX 1 vectors # and p are defined to have the rela- 
tionship #>>v if the sth coordinates of u and 0 have the rela- 
tionship >v: for¢=1,---, n. 
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levels may be well correlated with expectations 
and thus have a relatively constant probability 
of effectiveness. For example, the support levels 
offered for various agricultural commodities 
are often highly influenced by the administra- 
tion’s expectations of free-market price and 
demand. Hence, if the administration’s expec- 
tations are to some degree correlated with pri- 
vate expectations, the decision maker’s sub- 
jective probability of price support effectiveness 
might not vary greatly. 


Voluntary Programs 


For the purpose of this paper, compliance 
with voluntary allotment programs will be 
treated as exogeneous. Most voluntary pro- 
grams have not been in effect long enough to 
allow an adequate time series treatment of 
compliance as a decision variable when impor- 
tant interdependencies of programs are also 
considered. With price supports treated in a 
linearized way, the jth equation of the model 
in (2) might be modified to represent full com- 
pliance when only the &th program is offered 
as follows: 


diz = Boj + Bismi” + Bojel ix 
+ Baadu*Iu + Binya + ey 


where 
«© 
* = sD alsia F See) 
par 


and the j subscript references the jth elements 
of the vectors di, Bo, and e, while 81. represents 
the jth row of 61. If there were no compliance, 
then under the provisions of the programs both 
allotments and price supports would become in- 
effective hence implying the model correspond- 
ing directly to (2),8 


dij = Boj + Bij.-m* + €j- 


Thus a reasonable way to deal with a vol- 
untary program for the kth decision variable 
where wœ is the proportion of decision makers 
in terms of the restricted input (land) that 
comply (i.e., the proportion of the total amount 
of the input controlled by compliers) would be 
to use the model 


u The tax and subsidy provisions are retained for non- 
compliers since in practice they have not been raed to 
allotment and price support programs. 
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dij = pulbo; + Bum* + Boil x 
+ Bizda Ia + Bupha + ey] 
for complier’s response and the model 
dist = (1 — bur) [Boj + Bim* 
+ Biali — Lub + eu] 


for noncomplier’s response.“ The total response 
of the jth decision variable would then be 


dis = Bos + Bumi" + Bapu! w 
+ Brpbuda*l ix 
+ Banla +1 — Ia)ba + ey. 


Hence, the model for all decisions when q dif- 
ferent possibly voluntary programs are offered 
may be expressed as 


dy = Bo + Bim" + Bl .* + Bsd.** + Ba* +e 


where $z, ps, and b4 are pXq matrices with ele- 
ments Bar, Bayz, and Basa in the jth rows and kth 
columns, respectively, and where the kth ele- 
ments of J;*, i and y,* are given by 


k” = bali, 
at = dudu*l w, 


(11) 


and 
= (da + 1 — Iu) vu, 


respectively. 

Participation in voluntary diversion pro- 
grams might also be treated exogenously in a 
similar manner. Indeed, a good part of diver- 
sion activities are influenced by government- 
controlled minimum and maximum diversion 
levels, As administered during the 1960’s the 
effect of the voluntary diversion programs was 
to reduce the effective restriction on the acreage 
of the crop in question. Other crops remained 
essentially unaffected except through the orig- 
inal allotment restriction since diverted acreage 
could not be used to produce other crops.!’ 


“The term Si2(1—Ju)vu enters in (11) since farmers 
get full price support provisions when allotments are not 
imposed. 

16 Of course, it would also be interesting to consider the 
possibility that Sa; and fı; change with compliance when 
sufficient data for such an analysis are available. 

4 Although it would also be desirable to define a du; 
which would be the proportion of compliance with the kth 
program by producers of the jth crop, such data are not 
available on a macro level. : 

17 There have been a few exceptions to this rule. For ex- 
ample, under the voluntary feed grain programs, safflower 
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Hence, for any equation of the model 
diz = Box + Bumi” + Boy TP 
+ Bsz.d** + Ba WF + es, 


d;** can simply be ae to di? with kth ele- 


ment 
dy" 
di? = { a 
du** 


where d,;+ is the diversion associated with the 
jth decision variable. However, one might want 
to investigate the possibility that some diver- 
sion of cropland might have occurred regardless 
of government program activities. The diver- 
sion variable might then be considered inde- 
pendently thus possibly indicating a coefficient 
considerably less than one in absolute value, If 
in (13) 


(14) dit == dyj** 


where bz; is supposed to be less than one, (12) 
would become - 


dis = Boj + Bumi + Bay De® ” Paj-di** 
+ Bay. Wik + Bsjdit + en 


(12) 


* — dit fork =j 
for k # j 


— bajhij", 


where 
(15) Boz = — 5358533. 


Diversion would then be included as a separate 
independent variable, and no additional con- 
straints would be imposed in estimation. 

Another possibility which must be considered 
since diversion levels are often constrained as a 
fixed percentage of the perucipeuing allotment 
or base,-is that > 


(16) . dyt bydi" 

where 4; is a zero row vector except for jth 
element ba When. the participating allotment 
and diversion variables are nearly collinear as 
in (16) thus preventing reasonable estimation, 
the diversion (allotment) variable can be 
dropped if the coefficient for the allotment 
(diversion). variable is interpreted as carrying 
the effect of both allotment and diversion. If 
the relationship in (9) also holds for all k, then 


(17) a;* a bol * 
Oe E a A 


acreage has qualified as diverted acreage although only half 


the usual diversion payment has been made for land di- 


yerted to safflower production, 
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for some qXq diagonal parameter matrix bs. 
Thus, since participation, participating allot- 
ment, and diversion are all highly correlated, 
any two variables can be dropped if the co- 
efficient of the remaining variable is interpreted 
as indicating the effect of all three. 

Hence four versions of the government pro- 
gram model can result depending on which 
combination of the assumptions in (16) and 
(17) is made (see Table 1). Of course, it would 
always be most desirable to obtain estimates of 
the most general model which does not con- 
found the effects of various aspects of the 
programs but, unfortunately, government pro- 
gram data is often very highly correlated so 
that little or no significance can be indicated in 
estimation. The importance of Models 2, 3, and 
4 in Table 1 then lies in the interpretation 
which they lead one to consider when some of 
the government program variables correspond- 
ing to insignificant and highly variable co- 
efficient estimates are dropped. Although many 
more ‘possibilities could be. considered, spatial 
considerations prevent their exposition here 
since very similar procedures are used for their 
derivation. For example, additional models 
could be obtained if 63; in (14) and (15) were 
constrained equal to one as in (13) or if y.* 
were highly correlated with 7;*. The four al- 
ternatives presented in Table 1, however, seem 
to be the important alternatives in the em- 
pirical study reported below. 


An Application of the Model 


In an application of this model, the effects of 
several programs in the San Joaquin Valley of 
California were studied. Choice of the San 
Joaquin Valley helps make the application 
demonstrative since a large number of crops 
are important competitors in the area. Further- 
more, crops controlled directly by all the kinds 
of government programs discussed above seem 
to be indirectly influenced by other programs. 
Acreages of cotton, alfalfa, barley, corn, grain 
sorghums, rice, and sugar beets all appear to be 
considerably influenced by the cotton program. 
Variation in the types of government programs 
offered for each crop during the period of in- 
vestigation is summarized in Table 2. 

For this model application, the only decision | 
variables considered are the acreages of the re- 
spective crops. The state variable chosen is 
returns per acre (in dollars) for each of the re- 
spective crops. Although the effects of price 
change might be more easily studied if separate 
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cable 1. . Summary of the models 
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effect of the participa- 
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The particTBation coef- 
ficient includes the ef- 
fects of participation, 
the partictpating allot~ 
ment level, and diversion 
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(B25. 7 Boy. + 844, Ba) 


The participation coef~ 
ficient includes the ef- 
fect of participation as 
well as the participa~ 
ting allotment level. 


CA 










Bay e E Bgy, by) 












tConstraints are describad in terms of correlation although the algebraic constraints imply proportionality since the more 


general relationships actually provide grounds for the simplifications in Models 2, 3, and 4. 


‘Proportionality relation- 


ships were used in the derivation simply for ease of exposition. 


rariables are included for both price and yield, 
ime series data are rather limited in the San 
‘oaquin Valley relative to the large number of 
mportant crops. Hence, the important varia- 
ion in both prices and yields is combined in 
his study to conserve degrees of freedom. How- 
‘ver, one can still usefully study the effects of 
ice change with the resulting model if yields 
re held constant or assumed to change in a 
yarticular way. 

The temporal distribution of lags used by 
lecision makers in formulating subjective ex- 
rectations is assumed to be geometric, i.e., 


18 Of course, there is nothing in the methodology pre- 
ented in this paper which requires the lag distribution for 


‘able 2. 


=9>5 (1 — Oiss 
kun 
or 


m* = s* +0) (1 — OFS + Stt). 
kent) 





sı to be geometric. Any of the common lag distributions or 
possibly only a simple one period lag on prices and yields 
could be used. If the lag distribution were any one for which 
complications are not added to estimation when additional 
nonlagged explanatory variables (the government program 
variables) are included, ordinary linear regression methods 
would suffice. The geometric lag distribution was used here 
because it seems somewhat more justifiable under some 
simple additional assumptions on the underlying modelin 
(2) (see Just [8]). 


Summary of government programs for selected California crops, 1949-70 








Crops Subsidies Strict Allotments Voluntary Allotments Price Support Voluntary Diversion 
‘otton 1950, 1954-70 1949-70 1966-70 
ice 1955-70 1949-70 
lfalfa Hay 
orm* 1961-70 1949-70 1961-70 
rain Sorghum 1961-70 1949-70 1961-70 
arley 1962-66, 69, 70 1949-70 1962—66, 69, 70 
ugar Beets** 1949-70 








* The corn allotments of the 1950’s do not apply to California since it is not in a major corn producing area. 
** Although proportionate shares (which might be handled like allotments) were established for sugar beets in 1955-60, 
965, and 1966, statistics did not indicate them to be significant. 
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Rather than using the standard Koyck reduc- 
tion (see, e.g., Griliches [5]) which can result 
in more variable estimates of parameters for 
slowly changing independent variables (such 
as allotments), the equations have been es- 
timated directly in their structural form. This 
was accomplished by splitting the summation 
over state variables into observable and un- 
observable parts. Where b is the first year for 
which data is available on d: and s,, the most 
general model (Model 1) might be expressed as 


dij = Boj + Bis- | 


kat—to 


t—te—1 
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subjective means due to state variable ob- 
servations since 4, is of increasing importance. 
With sufficient passage of time, m,** becomes 
essentially equal to the vector of decision 
makers’ subjective state variable means since 
the contribution of periods prior to 4 ap- 
proaches zero with ({1—6)'*. In the short run, 
m** accounts for [1.—(1—6)%+4]X100 per- 
cent of the weighting in decision makers’ sub- 
jective means. 





> O(1 — O(s sa + suas) | (1 — 8)! 


+ By. [s + D> 61 Atsi + sua) | 
km0 


+ Ba I* + Bazd" + Bupi + Bejli + éj- 


Since 


D OL = OH (5, gi H Sirat”) 


kmatmty 


is completely unobservable, it can be treated as 
a parameter to be estimated so the model be- 
comes 


diy = Bos + But (1 — 0) + Bum” 
+ bylt + Bay.dA* + Baz vit 
+ Bajd + éi 


(18) 


where 


Pat = Bry. D, OL — OP (sea a + Sea) 


Kent bom by 
and 


t—to—1 


mt = 5 + D (1 = 6)F (5,41 + Spei**). 
kað 


In the resulting model, then, 61;* represents 
the combined impact of all subjective knowl- 
edge held at f. Although this is a rather vague 
notion, its importance diminishes with time, 
i.e., as (1—6@)**. approaches zero. For example, 
if 4, were 1949 as in this study and one were in- 
terested in the effects of current policy, then 
&1;* could be of little importance if @ were not 
close to zero since (1—6)*% would be very 
small, On the other hand, m,**, a vector in- 
dicating the component of decision makers’ 


K 


` 





dọ = acreage used in the production of 
the 7th crop, 

(1—6)*':=the influence of prices, yields, and 
stochastic subsidies and taxes ob- 
served prior to t, 

m,** =the influence of prices, yields, sto- 
chastic and nonstochastic subsidies 
and taxes observed since to, 

s:= vector of prices and yields (or in 

this case, prices times yields) ob- 
served in period ż, 

s;*= vector of nonstochastic (announced 
before decisions are made) subsidies 
and taxes for period ¢,!° 

s*= vector of stochastic (not known 
until after decisions are made) sub- 
sidies and taxes for period #,2° 

I*=vector of allotment indicators (1 if 
allotment, 0 if no allotment) times 
the respective rate of participation 
(acreage on participating farms 
divided by the total allotment), 

d,** =vector of allotment levels times the 
respective rate of participation, 

¥:* = vector of price support levels times 
the respective rate of participation 


19 Since nonstochastic subsidies and taxes are not imposed 
for the commodities considered here, s;* is identically zero 
in this application. 

* For the example used here, the stochastic subsidies and 
taxes vector is also zero except for the coordinate corre- 
sponding to sugar beets where the average government pay- 
ment per acre to sugar beet growers has been included. 
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when respective allotments are es- 
tablished; vector of price support 
levels when respective allotments 
are not established, 

d,j+ = acreage diverted under the govern- 
ment program for crop j, and 

ey= stochastic disturbance in the jth 

acreage decision. 


e; is assumed here to be normally distributed 
with E(e;) =0 and E(€,,36t,3) =0 for ht. Con- 
temporaneous correlation is ignored since only 
single equation maximum likelihood estimators 
are used. Efficiency is thus not a property of 
the estimators used here unless one assumes 
E(ee’) to be diagonal. Even then efficiency 
would still not be attained for those equations 
requiring constraints.» Consistency can be 
claimed by the following procedure, however. 

Since 0 is the only parameter which enters 
(18) nonlinearly, maximum likelihood estimates 
were found by conditionally maximizing the 
likelihood function with respect to all other 
parameters via a standard regression program 
for. a variety of values of 0.3 The globally 
maximizing estimates were then found through 
a Fibonacci search since all the conditionally 
maximized likelihood functions demonstrated 
local concavity near their maximum.* 

For the equation of each crop except alfalfa, 
22 years of time series data from 1949 to 1970 


1 Tf a lag distribution which results in a linear model 
had been assumed, then all ordinary regression estimators 
would be unbiased. Efficiency would also be attained in 
those equations where constraints are not needed when 
Eee’) is diagonal. Due to the nature of the lag distribu- 
tion chosen here, however, a nonlinear parameter enters 
each equation of the system thus suggesting a multi- 
dimensional maximum likelihood search or multivariate 
nonlinear regression for simultaneous estimation when @ is 
allowed to vary from equation to equation. Improved esti- 
mates could be obtained, however, by applying a two step 
method whereby the geometric parameters could first be 
estimated by the single equation method described in this 
paper and then taken as given in simultaneously estimating 
all other parameters in the system. Contemporaneous and 
serial correlation of disturbances could then also be con- 
sidered by employing methods such as those developed by 
Zellner [12] and Parks [10]. 

2 The essential details of the estimation method outlined 
here can be found in Dhrymes 3, 4]. 

2 The well-known Fibonacci search method is the opti- 
mal one-dimensional search method in the sense that it 
minimizes the maximum possible interval of uncertainty in 
which the maximum of a unimodal function can lie after a 
fixed number of points on the function have been evaluated. 
For a detailed discussion of the method see Aoki [1] or 
Howard [7]. 
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were used to estimate the model. In the case of 
alfalfa, only 21 years of data were used since 
a lagged dependent variable was included to 
allow for the perennial nature of alfalfa. Re- 
gression results conditional on the indicated 
maximum likelihood estimates of 6 are given 
in Table 3. In each case, the argument of the 
variables indicates the crop to which the vari- 
able pertains.* Although standard errors are 
reported to give some indication of significance, 
they only apply asymptotically (because 0 is 
only estimated consistently) when E(enjenj) 
=0 for hla. The Durbin-Watson (D) statistic 
is also reported since it gives some indication 
as to whether the assumption E(e,,j¢,;) =0 for 
iizłą is satisfied in the equations for crops 
other than alfalfa. Of course, one would not ex- 
pect the assumption to be satisfied in the alfalfa 
equation where a lagged dependent variable 
was used. 

In determining the final government pro- 
gram model to be used in each equation, the 
following steps were taken. For each crop in the 
model, an acreage equation was first estimated 
in its most general form corresponding to 
Model 1. Then, in cases where the correlation 
of variables appeared high enough to prevent 
the significance of estimates, the assumptions in 
(16) and (17) were considered and Model 2, 3, 
or 4 was estimated. Price support variables 
were then dropped in cases where they ap- 
peared to be of no importance and in one case, 
the sugar beet equation, the participation 
variable I;* for corn was dropped because it ap- 
peared to have no effect on sugar beet acreage 
response. 

As is evident in Table 3, different government 
programs were not always handled according 
to the same model in the same equation. For 
example, in the equation for grain sorghum, 
feed grain program variables were included ac- 
cording to Model 4 while cotton program vari- 
ables were included according to Model 2. No 
additional difficulties arise from following this 
procedure as long as coefficients of the different 
program variables were interpreted according 
to their respective models. If constraints had 
been imposed from equation to equation in es- 
timation, however, it would have been neces- 
sary to consider each program according to the 
same model from equation to equation al- 


* Crops are denoted as follows: COT=cotton, RIC 
tice, ALF=alfalfa hay, COR=com for grain, GS=grain 
sorghum for grain, BAR=barley, and SB=sugar beets. 
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Table 3. Regression results for acreage response in the San Joaquin Valley, 1949-70 








Estimated Equation 8 R Ë p 
d, (COT) = 1,080,300 + 336.36 m4* (COT) ~ 1,072,500 I#(COT) + .74067 d#* (COT) 876 97 96 2.17 
{87,900) (186.61) (134,300) (.17988) 
+ 379.86 yR(COT) ~ .62416 df (cor) - 173,610 (1 - 8)™ fo 
(508.31) (.36809) (88,440) 
4, (RIC) = 52,808 - 55.292 m44 (COT) + 47.358 mf*(RIC) + 64,294 Iè (COT) 1995 .83 74 1.90 
(13,317) (33.942) (46.798) (34,458) 
= 92,037 If(RIC) = .01815 dé* (COT) + .80205 d#*(RIC) ~ 18,802 (L ~ 9) Ft 
(16,697) (.03927)- (.25531) (15,440) 
4, GLE) = 262,720 + 704.51 mġ* (ALF) + 105,300 T#(COT), + .25528 d, _} (ALF) „994 90 B7 146 
(78,077) (226.53) (23,450) (014591) 
= 6,516,600 (1 ~ 6)""* 
(4,943,400) 
d (COR) = =249,050 + 2,649.0 mee (COR) + 55,913 IA(COT) ~ 41,949 T% (COR-G8) 5266929 2.09 
(51,720) (334.9) (11,562) (21,803) 
+ 30,472 ya (COR) + 220,960 CL ~ 9) 
(14,389) (35,940) 
_ &, G8) = -82,601 + 3,805.8 meX(Gs) + 73,057 I8(COT) - 31,880 T#(C0R-08) O71 697 952.99 
(241,046) (2,617.1) (37,419) (18,227) 
= .05611 d#* (COT) - 234.54 YA(COT) + 31,705 ye (GS) + 59,640 (L ~9)tto 
(.05165) (128.15) (12,342) (202,490) 
4, (BAR) = 28,450,052 - 40,890 m##(COT) = 249,420 m#* (ALF) + 332,500, mgh (BAR) © 006 88 83 1.76 
(10,364,074) (16,131) (125,700) (201, 530) 
+ 186,260 I#(COT) - 155,320 T#(BAR) - 27,891,000 (1 - g)t to 
(37,030) (60,350) (10,373,000) 
735° 91 87 29 


4,88) = 66,517 - 1,170.7 mah (COR) + 736.24 wi* (5B) + 48,555 I (COT) 
(45, 643) 


(40,650) (341.8) (133.48) 


= .08823 d#* (00T) =~ 66,084 y(COR) + 57,054 (L - a)* to 


(05746) (10, 655) (33,798) 





though not necessarily from program to pro- 
gram.* 


Z Actually, if constraints were to be imposed in estima- 
tion of the equations in the form presented in Table 3, only 
the constraint of proportionality between the coefficients 
for I;*(COT) and d,*(COT) would be needed among the 
equations for cotton, rice, grain sorghum, and sugar beets. 
All other equations use only a one variable allotment and 
diversion formulation which requires no constraints from 
equation to equation. However, if constraints were imposed 
over all equations, reasonable estimates of the other equa- 
tions could probably be obtained with both cotton allot- 

` ment variables included. 


Appraisal of the Results 


The government program model discussed 
here seems to have given reasonable results in 
almost every case for the allotment and price- 
support variables. For crops where CCC ac- 
quisitions have been negligible and production 
has not been controlled by voluntary allot- 
ments, price-support levels could not be shown 
of significance (e.g., rice and barley). For crops 
controlled by voluntary allotments, price sup- 
ports were sometimes important even when 
CCC acquisitions were negligible because 


August 1973 


sizable direct support payments were made to 
compliers (e.g., corn and sorghum). 

The allotment variables also performed well 
for the crops controlled by strict allotments 
{allotments with marketing quotas). For both 
cotton and rice, quite significant estimates 
seemed to be obtained for the coefficient of 
d;**, In several cases, both cotton allotment 
variables (7;* and d,**) seemed to perform well 
in the equations for other crops also. Although 
some problems were encountered with the two 
allotment variable formulation due to high 
correlation of the two variables in other cases, 
the reduction to one allotment variable (J,*) 
as indicated in Models 3 and 4 was effective in 
alleviating such difficulties. Indeed, this sim- 
plification of the model is designed for applicà- 
tion in exactly the circumstances where the 
correlation of the two variables is high, i.e., 
when allotments have been changing little. 
For the feed grains, where only the single allot- 
ment variable formulation seemed to perform 
reasonably, total allotment (or base) was es- 
sentially constant throughout the restricted 
period. Hence, the resulting estimate of the 
coefficient B2;.7 in each case must be interpreted 
as ap estimate of the effect of both 7,* and 
d,** as indicated in Table 1. Unfortunately, 
little can be said about the possible effects of a 
change in allotment level on the basis of the 
results, When only the one allotment variable 
formulation is used, information is only gained 
on the possible effects of establishing or abolish- 
ing the program as it was administered—not on 
the effects of changing the program. 

The effects of the diversion variables could 
also not be isolated in most cases. At least for 
the feed grains program, the effect of diverted 
acreage is probably carried in the allotment 
participation variables as would be the case 
when both (16) and (17) are satisfied. Since 
minimum and maximum diversion restrictions 
have been placed on complying farms, par- 
ticipation and diversion have been highly cor- 
related. Hence, the resulting estimate of the 
coefficient for Z; must be interpreted as an 
estimate of the effect of the diversion provisions 
as well as the effect of allotment participation 
as indicated in Table 1. Apparently the or- 
ganization of past programs is then responsible 
for preventing the econometric isolation of the 
effects of participation and diversion in many 
cases. Perhaps a better approach in the case 
of diversion might have been to restrict the 
coefficient of diversion in some way on theo- 


GOVERNMENT INTERVENTION IN FARMERS’ Decisions = / 


451 


retical grounds such as would be indicated 
by (13). 
Conclusions 


Although many studies have considered the 
interdependencies of supply associated with 
price and yield variation when evaluating farm 
program effectiveness, few have considered the 
interdependencies of government programs in 
supply response. This paper has attempted to 
demonstrate a systematic approach for the in- 
vestigation of government program interde- 
pendencies in a multi-crop environment regu- 
lated by a variety of government programs. 
The more detailed knowledge of the interde- 
pendent relationship of the programs that this 
approach can give is of obvious importance in 
any economic analysis of agricultural policy. 
For example, it is impossible to make ade- 
quate predictions of future crop production if 
possible changes in government programs for 
competing crops are not considered. In the case 
of feed grains in the San Joaquin Valley, pro- 
duction projections appear to depend very 
heavily on the continuation of the cotton 
program as well as the feed grain program. The 
equations in Table 3 indicate that if cotton 
allotments had been completely dropped, feed 
grain acreage would have dropped by nearly 30 
percent from 1970 levels if other factors were 
unchanged. Also, the impact of establishing or 
abolishing an allotment program cannot be 
adequately evaluated unless the effects on all 
competing crops are considered. These effects 
would likely be very important in the cotton 
program in the San Joaquin Valley since the 
empirical results indicate cotton allotments to 
be a dominant force in the acreage response of 
all the crops considered in Table 3——even those 
regulated directly by other programs.” 

Finally, the complete structural knowledge 
resulting from this kind of analysis should be of 
considerable importance in evaluating variation 
in the welfare effects of a farm program that 
can or has occurred with variation in programs 
for competing commodities. Even though the 
importance of a particular program of interest 
in other commodity markets is often con- 
sidered, government program welfare analyses 
too often have been designed to consider the 


% Although, for rice and grain sorghum, neither of the 
two cotton allotment variables appears highly significant, 
much more importance is indicated when only one of the 
variables is introduced separately as in Models 3 or 4. 


452 / Just 

impact of only a single program and have 
thus tended to neglect the variation in effects 
due to other programs in other markets. These 
welfare considerations should definitely be 
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‘made when major revisions in other programs 


are pending and can only be made when a 
more complete interdependent structure of the 
government programs is estimated. 
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Short Articles and Notes 


The Journal as a Reference Source—1959~1968* 


Rosert M., Fintey anp Ricwarp B. BARGER 


Journal references were examined for the period 1959 to 1968. The extent that certain articles 
and authors were cited was a major consideration. Particularly interesting were comparisons 
of articles and references in the regular issues and the December issue; the 38 authors most 
frequently cited; and AAEA “Prize Winners” as references. 


oT only is title dispersion greater in 
N agricultural economics than in the 

sciences and basic social sciences, but 
also “research ...is published primarily in 
monographs or bulletins, rather than in jour- 
aals” [5]. Although most will concede that the 
research or professional journal is our most 
orestigious medium,! less than 8 percent of our 
publications were published therein [5]. 

The American Journal of Agricultural Eco- 
nomics (formerly the Journal of Farm Eco- 
nomics)? the official journal in this field, is one 
of the largest compilations to be found any- 
where of current information and data about 
the discipline and related areas. Here the pro- 
fession writes and reads what others have writ- 
ten. 

Editorial selection standards are high, and 
space is limited. This should indicate that the 
contents of the AJAE (JFE) are of fairly uni- 
form high quality, readability, interest, and 
value. If this is not the case, the articles have 


* Contribution from the Missouri Agricultural Experi- 
nent Station. Journal Series Number 6629. We are in- 
jebted to Harold Breimyer and V. James Rhodes for en- 
couragement. Special acknowledgment is extended to Earl 
Swanson and James Nielson for comments on an earlier 
iraft. Helpful comments by the editors improved the focus 
of the manuscript. 

1 Publications in professional refereed journals are 
iecessary conditions for membership in most graduate 
aculties and other academic advancements. These publica- 
ions have been called the “hard currency” of any profes- 
jon (we acknowledge J. C. Headley for this succinct 
walogy). If journal publication is the “hardest” of cur- 
‘ency, then it follows that other publications have descend- 
ng levels of hardness perhaps ending with the softest— 
he undated, unsigned department or division newsletter. 

1 Hereafter referred to as the AJAE (JFE), or the 
Tournal. 





ROBERT M. FNE is professor of agricultural economics 
tthe University of Missouri-Columbia. RICHARD B. BARGER 
oas formerly a graduate assistant at the University of Mis- 
ourt-Columbic. 


no business taking valuable space from more 
deserving papers. Members assume (and dues- 
paying members have the right to expect) that 
what is printed must be the best of what is 
submitted—the best written and researched 
articles dealing with topics in which the readers 
have both an interest and a need to know—con- 
sistent with existing editorial policy. 

For the period 1959 through 1968, the Jour- 
nal consisted annually of over 1,400 pages of 
papers on topics as varied as the interests of 
the readers. Surveying the Journal’s index for 
a few consecutive years should yield the re- 
searcher much relevant information on a par- 
ticular topic in agricultural economics. In fact, 
it would be quite surprising if the writers of 
this Journal did not use it for the valuable 
reference it should be. Not only would it be 
surprising, it would also be disappointing. 

The question arises, “Is the information ap- 
pearing in the Journal used to further someone 
else’s research? And is the material published in 
the Journal ever reused?” It is, of course, im- 
possible to tell how much of what one reads is 
mentally retained for later use in one form or 
another. An item written in an individual’s own 
words may appear to be original, if the source 
is not acknowledged. Yet there is a way in 
which some of this “reuse” of material can be 
evaluated—it can be accomplished simply by 
looking at listings in footnotes and bibliogra- 
phies. This method will not give a complete 
listing of material used but will give as much as 
the various authors were willing or able to set 
down in writing. 

Perhaps the most likely place to find refer- 
ences to a particular source is the source itself. 
This is surely no less true of this Journal than 
elsewhere. Members should, for the most part, 
know what has been written here—not only be 
familiar with the material covered, but also 
aware of the varying treatments given a sub- 
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Table 1. Number of articles and references in the AJAE (JFE), 1959-1968 
References— References— References— 
Articles ‘Authors No Authors References — Average 
Named Named Per Article 
Regular Issues 950 6,890 way 1,622 Ga} 8,512 8.96 
December Issues 914 3,679 RELA 1,081 (23% 4,760 5.21 
Total 1,864 10,569 (80%) 2,703 (20%) 13,272 7.12 





* Percentage figures refer to percent of Total Number of References. 


ject by different authors—so there will be no 
unnecessary duplication of effort. In fact, a 
prime requisite of any would-be author is to 
study what has been previously written on his 
topic and particularly so in the publication for 
which his material is intended. 

Hence it might be expected that material 
published in the Journal be used as reference 
matter for future Journal articles. Since most 
Journal authors are also Journal readers, per- 
haps it would not be assuming too much to say 
that more references might be made to the 
Journal in the Journal than anywhere else. If 
this is the case, then to find references to the 
AJAE (JFE), it is adequate to look at the 
AJAE (JFE). That is precisely the point of this 
paper: to take a critical look at this journal to 
determine the source value of its articles. 


The method chosen was a simple, if dreary 
one. All the material that appeared in the 
Journal during the 10-year period 1959 to 1968 
was surveyed; this includes articles, notes, 
viewpoints, communications, solicited and con- 
tributed papers, discussions, proceedings and 
meeting minutes, indexes, footnotes, and bibli- 
ographical entries. 

Problems involved in the effort were com- 
pounded by the inclusion of Proceedings papers 
in May and December, by different editorial 
policies which change (or purport to change) 
the makeup of the Journal, by widely varying 
procedures in the actual referencing of material 
from author to author, and, of course, by the 
sheer bulk of the material involved. Also, a set 
of definitions had to be developed to allow the 
simplified presentation in this paper of some 














Table 2. Number of times individual references were cited in the AJAE (JFE), 1959-1968* 
Regular Issues December Issues 
No. re Times References— References— References— References— 
: Authors No Authors Total Authors No Authors Total 
Named Named Named Named 
al 4,171 1,357 5,528 2,738 924 3,662 
2 514 70 584 269 36 305 
3 165 20 185 64 14 78 
4 67 9 76 31 6 37 
5 49 2 51 7 2 9 
6 25 2 27 3 0 3 
7 19 1 20 2 0 2 
8 6 0 6 0 0 0 
9 4 Q 4 1 1 2 
10 7 0 7 0 0 0 
11 4 0 4 1 0 1 
12 1 0 1 0 0 0. 
13 2 1] 2 0 0 0 
14 2 0 2 0 0 0 
15 3 0 3 0 0 0 
16 i Q 1 0 0 0 
17 0 0 0 0 0 0 
18 2 0 2 0 0 0 
19 1 0 1 0 0 0 
20 1 0 1 0 0 0 
Total Different 
References 5,044 1,461 6,505 3,116 983 4,099 
Total Citations 6,890 1,622 87512 3,679 1,081 4,760 





* Includes both references with authors named and references for which no authors were named. 
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rather specific concepts. These definitions are 
available from the senior author upon request. 

The scope of the study—the number of items 
surveyed—is shown in Table 1. The 1,864 
articles were almost evenly divided among the 
regular issues and the December issues. The 
40 regular issues contained 950 articles while 
the 10 December issues had 914. The difference 
between regular issues and December issues in 
average references per article (nine vs. five) can 
mostly be attributed to the differences in article 
lengths. It is interesting to note that 20 percent 
of the 13,272 references did not have authors 
named. 

Number of references cited a given number of 
times is set forth in Table 2. For example, 
regular issues had 5,528 references cited only 
once each and contained one reference cited 20 
times during the period. This breakdown is also 
given for December issues.® 

Of note are the several references with no 
authors named which were cited numerous 
times during the period of the study. Also 
interesting is the number of references (with 
authors named) which individually were cited 
many times indicating that at least some refer- 
ences were thought to be important enough to 
be used and reused over the years. . 

The two totals at the bottom of Table 2 indi- 
cate the total number of different references in 
each category which were cited (again, these 
totals are not cumulative) and the total num- 
ber of citations made. This is found simply by 
multiplying the number of references cited by 
the number of times cited. This line, of course, 
could accumulate to a grand total—the total 
number of reference citations made in separate 
articles. (See Table 1.)4 

The number of times individual authors were 
cited in AJAE (JFE) references is shown in 
Table 3. That three authors were cited in 
references over 100 times each is noteworthy. 


3 No grand total is available for this table due to the 
method of tabulation. Summing the two total columns 
would misstate the grand total for any given “number of 
times cited” by a number of references which were cited 
in both regular and December issues. For example, if the 
reference that was cited 20 times in regular issues also 
happened to be cited three times in December issues, a 
grand total column would have to indicate that one refer- 
ence was cited 23 times. Unfortunately, merely adding the 
two “total” columns together would misstate this by indi- 
cating one article being cited a grand total of 20 times and 
no articles being cited 23 times. 

4 Jt is important to remember that this figure does not 
account for each time every reference was used, but only 
the number of times it was used in different articles. 
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Table 3. Number of times individual authors 
were cited as an AJAE (JFE) 
reference, 1959~1968* 


Regular 
Issues 





No. of Times 
Cited 
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* The totals in this table are different from those of suc- 
ceeding tables due to the method of tabulation: here, 
references which had more than one author were tabulated 
oniy for the first author, alphabetically. 


Again these figures are not cumulative for much 
the same reason as given for the figures in 
Table 2.5 

Table 4 shows the number of Journal articles 


£ If, for example, the author cited 43 times in regular 
issues was also the one cited 45 timesin December issues, 
the total number of times he was cited would be consider- 
ably different than a simple “adding up” of the figures in 
each line. Totals in Table 3 differ from those in succeeding 
tables due to the method of tabulation: in Table 3, refer- 
ences which had more than one author (multiple-author 
references) were tabulated only for the first author, alpha- 
betically. 
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Table 4. Number of regular and December 
references which were originally 
AJAE (JFE) articles in the year 























indicated 
Number of Citationsin Number of Citations in 
Regular Issues December Issues 
Year “References: References: References: References: Total 
Authors No Author Authors No Anthor 
Named Named Named Named 
No Date 4, 0 19 0 23 
1968 0 0 0 0 0 
1967 25 0 7 0 32 
1966 45 2 16 i 64 
1965 58 0 31 0 89 
1964 36 2 27 1 66 
1963 39 0 33 2 74 
1962 41 3 23 D 67 
1961 53 3 32 2 90 
1960 64 0 22 1 87 
1959 63 1 28 3 95 
1958 Si 2 22 0 75 
1957 44 3 18 2 67 
1956 21 G 13 1 35 
1955 24 1 6 0 31 
1954 14 1 10 1 26 
1953 8 1 1 1 11 
1952 10 0 1 0 11 
1951 8 0 5 1 14 
1950 7 0 1 0 8 
1949 8 0 4 0 12 
1948 4 0 5 0 9 
1947 6 0 0 0 6 
1946 3 0 1 0 4 
1945 4 0 2 0 6 
1944 3 0 2 1 6 
1943 0 0 2 0 2 
1942 1 0 2 0 3 
1941 4 0 0 0 4 
1940 2 0 1 0 3 
1939 “2 1 5 0 8 
1938 2 0 3 0 5 
1937 2 0 1 0 3 
1936 1 0 0 0 i 
1935 1 0 0 Q 1 
1934 2 0 0 0 2 
1933 2 0 1 0 3 
1932 0 0 0 0 0 
1931 0 (t 0 0 (i 
1930 0 0 0 0 0 
1929 2 0 1 0 3 
1928 0 0 1 Q 1 
1927 0 Q 0 0 0 
1926 0 Q 3 0 3 
1925 0 0 1 0 $ 
1924 2 0 0 0 2 
1923 0 0 0 0 0 
1922 0 0 2 0 2 
1921 0 0 1 9 i 
1920 0 0 0 0 0 
1919 0 0 1 0 1 
Table 5. Comparison of AJAE (JFE) articles 
available for reference with the 
number of references actually 
made, 1959-1967 
Number of Total Articles Minimum Minimum 
Year* References forthe Year Number of Percentage 
to Journal (Excluding Articles of Articles 
Articles Misc.) Not Used** Not Used** 
1967 32 183 151 83 
1966 64 203 139 68 
1965 89 168 79 47 
1964 66 167 101 60 
1963 74 207 133 64 
1962 67 198 131 66' 
1961 98 190 100 53% 
1960 87 173 86 5 
1959 95 175 80 46% 
Total 664 1,664 1,000 60%, 





£ ot aaa since 1968 articles had little chance to be used (and 

were not 
** The same article could have been used as a reference more than one 
“th then Bo that particular year more articles (than 


time. Tf this 
stated in te BTSs wot used. 
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cited as references during the 10-year period 
and.the year they originally appeared in the 
Journal. Included are 23 items (19 of which 
were in the December issues) which had no 
date of original publication listed in the refer- 
ence. Three further things may be worth not- 
ing. Journal items written within the most 
recent 10 or 11 years are those used most 
often as references. This is perhaps true be- 
cause the information is more current but might 
also be true because they are better remem- 
bered, being more recent. Still, there were a 
considerable number of references from many 
years ago (one as far back as 1919), indicating 
either that there are some ‘‘classics’”’ which are 
time-honored or that the Journal is still a 
good place to go for data or information of 
historical value. Perhaps the most unusual 
aspect of the table is the large number of refer- 
ences with no authors named. Reasons might 
be twofold: (1) some items cited have no author 
listed, such as “the inside front cover”? or 
general items listed in the preface pages; and 
(2) in other cases, poor referencing might be 
suspected. 

A natural offshoot is found in Table 5, a 
comparison of the number of Journal articles 
available for reference with the number of 
references actually made, 1959 to 1967. The 
year 1968 was omitted since 1968 articles had 
little chance to be used and were not. During 
the nine-year period 1,664 articles appeared in 
the Journal (excluding miscellaneous items), 
and 664 references were made to these articles. 
It would not be correct to say 664 articles were 
referred to, for it is entirely possible that the 
same article could have been cited as a refer- 
ence more than one time. In other words, the 
minimum number of articles not used was 1,000, 
or 60 percent of the total articles available.' 
This outcome could be anticipated to a degree. 

Thirty-eight authors most cited as references 
in AJAE (JFE) articles were given a more de- 
tailed study than was possible for authors cited 
fewer times. Table 6 lists these 38 authors 
according to the number of times each was cited 
as a reference. The “total” column includes all 
times the author referred to himself. It alsc 
included eff items co-authored with others ol 


6 The reason that this is the minimum number not usec 
is as follows: if any article was used as a reference more thar 
one time, then more articles (than stated in the table) were 
not cited. Thus, if all 664 references to Journal article: 
had been to one article written in 1959, the actual number 
of articles not used would be 1,663. 
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Table 6. The 38 authors most cited as references in AJAE (JFE) articles, 1959-1968 








Number of Times Number of Times Number of Times Frequency of 
Author Used as Author Cited by Author Cited Others Reference 
a Reference* the “Top 38° of “Top 38”*** to Self" 

Earl O. Heady 194 23 9 17 
Theodore W. Schultz : 159 29 12 23 
Zvi Griliches 135 17 19 18 
Marc Nerlove 80 22 5 0 
Willard W. Cochrane 78 16 5 6 
Vernon W. Ruttan 78 7 46 ai 
D. Gale Johnson 62 11 7 3 
Glenn L. Johnson 57 4 0 0 
George i Stigler 56 5 — — 
George E. Brandow 55 5 4 3 

d W. Dean 54 7 4 5 
Karl A. Fox 52 6 23 20 
Harold O. Carter 48 4 12 7 
Dale E. Hathaway 46 6 11 5 
George G. Judge 46 5 5 6 
Kenneth E. Boulding 44 6 = — 
Siegfried von Ciriacy-Wantrup 44 7 2 12 
Albert N. Halter 43 4 7 5 
Harold F. Breimyer 42 5 15 11 R 
Charles E. Bishop 41 6 -8 3 
Frederick V. Waugh 40 2 7 0 
Wiliam H. Nicho 39 3 0 3 
John D. Black 38 11 2s ae 
Raymond G. Bressler, Jr. 38 2 0 2 
Robert M. Solow 36 4 — — 
Richard H. Day 35 2 14 8 
Marion Clawson 33 2 3 3 
Henri Theil 33 7 — — 
Wilfred Candler 31 4 4 3 
Maurice M. Kelso 30 5 1 0 
Joe S. Bain 29 0 _ — 
Robert Dorfman 27 5 — — 
Emery N. Castle 26 0. 25 12 
Richard J. Foote 26 2 0 0 
Milton Friedman 26 5 — — 
Alfred Marshall 25 8 — — 
Wayne A. Fuller 23 0 9 7 
James T. Bonnen 22 6 6 3 





* This includes all references to self. It also includes all items co-authored with others of the “Top 38,” whether or not 
the listed author was first, alphabetically. All other co-authored references were tabulated for the listed author only if 


he was first, alphabetically. 


** This is number of times he was cited by those of the “Top 38” who wrote Journal articles, 1959-1968. This excludes 


references to self. See Table 8. 


“Tf he wrote a Journal article, 1959-1968, “—” indicates that the author had nothing published in the Journal 


during this period. See Table 8. 


the “Top 38.”” The number of citations ranges 
from a high of 194 for Earl O. Heady to 22 for 
James T. Bonnen.’ 


7 Only for these 38 authors was a complete cross-tabula- 
tion made, regardless of who was first author, alphabetical- 
ly. All other co-authored references were tabulated for the 
listed author only if he was first alphabetically (the same 
as Table 3). 

8 Unfortunately, this figure could be subject to some mis- 
interpretation again due to the method of tabulation. A few 
of the authors at the end of this list may actually have 
been cited fewer times than some others who do not appear 
on it. This is because Table 6 was compiled so as to favor 
authors who were frequently cited in either regular issues 
or December issues, as opposed to those who were cited a 
moderate number of times in both regular and December 
issues, but perhaps more in total, 


The number of citations “Top 38” authors 
(who wrote Journal articles during this period) 
made to one another was observed. The second 
column of Table 6 shows the number of times 
the author listed was cited by others of the 
“Top 38” excluding himself. Schultz was cited 
the most—29 times. The third column shows 
the parallel—the number of times the author 
listed cited others of the “Top 38” (if he wrote 
a Journal article during this period). Ruttan 
made more citations to others in the “Top 38” 


.than did anyone else in this group. 


‘The 15 (16 in the case of December) authors 
from the “Top 38” who wrote the most Journal 
articles during the 10-year period are listed in 


i 
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Table 7. Frequency of AJAE (JFE) publica- 
tion by the 38 “most-cited’’ authors, 








1959-1968* 
Regular Issues December Issues Total 
1. Heady 15 Brandow 6 Heady 18 
2. Breimyer ih Halter g Breimyer (15 
3. Waugh 3 Schultz 5 Schultz 12 
4. Hathaway (7 Breimyer (4 Brandow 11 
5. Judge 7 e (4 Balter 10 
ó. ultz 7) Fox 4 Hathaway (10 
7. Dean 6 Ruttan 4 Ruttan 10 
8. Fuller 6 Castle 3 Cochrane 9 
9. Ruttan 6 Hathaway (3 Waugh 9 
10. Brandow 5 Heady 3 Cast. 8 
11. Carter 5 Bishop 2 Judge 8 
12. Castle 5 Bonnen 2 Carter 7 
13. Cochrane 5 Carter 2 Dean 7 
14. Griliches g Clawson 2 Fuller 6 
15. Halter 5 Foote G Kelso 6 
elso 2 





* Parentheses indicate number of articles authored. Only the 15 (16 in 
the case of December) authors who had the most published are listed. 


Table 7. The number of articles authored by 
each follows in parentheses. Comparison of the 
number of times these men wrote in regular vs. 
December issues may be important. The fact 
that several of these authors are not included 
on both lists certainly could indicate that the 
editorial committee and the chairmen of Pro- 
ceedings committees may differ in their opinion 
of the worth of the contribution a given indi- 
vidual might make.’ It is important to realize 
that this table shows only the frequency of 
Journal publication by the 38 authors most 
often cited as references and since the focus was 


° Also, as one reviewer has pointed out, some people who 
are invited to give a paper which subsequently appears in 
the Proceedings might never (by choice or otherwise) sub- 
mit a paper for the regular issues. 
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on the reference authors, not on the authors of 
the Journal itself, Table 7 was the only place 
any examination of Journal authorship was 
made. 

Since there was some problem in assuring 
that all co-authored references were properly 
tabulated, even for the “Top 38,” and since 
some of the “Top 38” wrote with a co-author, 
it might be useful to look at and record the 
numbers of times the “Top 38” were ‘‘refer- 
enced” on those items the individual himself 
wrote (Table 8). Schultz and Griliches head 
this list with works written only by themselves 
cited 159 and 130 times, respectively. In com- 
parison with the first column of Table 6, the 
total column in Table 8 shows clearly that while 
some of these authors write much with others, 
others are more prone to write alone and this 
accounts for the difference in order on the two 
lists. 

The 25 references cited most often in the 
AJAE (JFE) 1959 to 1968 are listed in Table 
9; also given is the number of times each was 
cited. Some are “classics,” some are fairly 
recent, eight are Journal articles, and all 25 
are cited more often than any other references 
in the Journal during this time.!° 

The Association’s publication prize winners 
between 1945 and 1968 who were cited as 
references between 1959 and 1968 are given in 
Table 10. Examined were references to winners 


10 Where the table lists “various editions” of a book 
instead of a date of publication, the book had more than 
one printing to which a reference was made. 


Table 8. Ranking of the “Top 38” considering only items not co-authored, 1959-1968* 








Regular Issues December Issues Total 
1. Schultz ain Schultz 45 Schultz NEA 
2. Griliches 111 Heady 21 Griliches 130 
3. Nerlove 69 G. L. Johnson 21 Nerlove Cs 
4. Cochrane 51 Ruttan 21 Heady 72 
5. Heady 51 Ciriacy-Wantrup (20 Cochrane 60) 
6. D. G. Johnson 42 C e 19 D. G. Johnson 60 
7. Stigler 41 Griliches 19 Stigler 54 
8. Brandow 31} Nicholls 19 Brandow 52 
9. Fox 31 D. G. Johnson 18 G. L. Johnson 49 
10. G.L. Johnson 28) Bishop 17 Fox H 
11. Waugh l Breimyer 17 Ruttan 45 
12. Day 25 ox i Ciriacy-Wantrup (44) 
13. Breimyer 24) Boulding 16 Breim 41) 
14. Ciriacy-Wantrup 24} Bonnen 15) Nicho 39) 
15. Ruttan 24 Brandow 15) Boulding 38) 
16. Theil 24 Clawson a Waugh 37) 
17. Boulding 22 Bain 14 Day 35) 
18. Hathaway 22 Hathaway 13) Hathaway 35 
19. Kelso 21) Stigler 13) Bishop R 
20. Solow 21) Black 11) Theil 30 


* Parentheses indicate number of times cited. See Table 6. 
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of awards for Best Journal Article, Best Pub- 
lished Research, and Honorable Mention." 

It surely must be significant that three win- 
ners of the prize for Best Article, 19 winners of 
the prize for Best Published Research, and three 
recipients of an Honorable Mention award were 
never cited as a reference in any Journal article 
during the period analyzed. Equally impressive 
is the small number of these prize winners which 
were referred to several times in later Journal 
articles. Is it fair to say that this is an indict- 
ment of the process by which these prize win- 
ners are (or were) selected? It appears that 
these items were not thought worthy of later 
citation or reuse. Surely they cannot have 
been so all-encompassing and profound as to 
eliminate the need for any further writings on 
the subjects which they covered. Indeed, this 
. is not intended to detract from the professional 
ability or status of prize winners themselves. 
Rather it might be taken as a commentary on 
the process or procedure which awards items 
and articles (good though they may be) for 
which Journal writers have little or no further 
use. 


Summary 

This study has considered some 1,864 articles, 
13,272 references, and an undetermined number 
of authors. Observed were aspects of content 
and makeup of the Journal, references, all 
authors of the references, a select few of these 
authors, and the Association’s prize winners. 

One assessment of published material has 
been presented; admittedly other approaches 
may exist and be valid. A professional journal, 
while primarily a medium to present research, 
serves other purposes and masters and service 
thereto may not necessarily be reflected in a 
study such as this one. Hopefully other ap- 
proaches for viewing and estimating relevance 
and usefulness will be presented in the future. 
It is, of course, a tautology that the prime 
utility of a professional journal lies mainly in 
its use by that profession. 

Do the articles have pragmatic appeal? Do 


u As in Tables 2 and 3, the figures on any one line are 
not cumulative. Each of the three columns for each prize 
category is totally autonomous. In each column the total 
number of prize winners in that category is observed. Only 
the distribution changes. 

1 In relation to the selection process as well as the rele- 
vance of awards, the customs and concepts including the 
efficacy of the whole procedure have been recently ques- 
tioned and to a lesser degree, examined [1, 2, 3, 4]. 
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Table 9. 25 references cited most often in 
‘the AJAE (JFE) 1959-1968* 


1. George E. Brandow, “Interrelations Among Demands 
for Farm Food Products and Implications for Control 
of Market Supply,” Pennsylvania Agricultural Experi- 
ment Station $ etin 680, 1961. oA 

. Alfred Marshall, Principes of Economics, Various Edi- 

tions. (23) 

. Theodore W. Schultz, The Economic Organtzation of 

Agriculture, 1953. (23) 

eodore W. Schultz, Transforming Traditional Agri- 

culture, 1964. (22) 

. Zvi Griliches, “Research Expenditures, Education, and 
the Aggregate Agricultural Production Function,” 
one Economic Review 54:6, 1964, pp. 961-974. 

6. Marc Nerlove, The Dynamics of Supply: Estimation of 
Farmers’ Response to Price, 1958. (20 

T joe. Bain, Industrial Organization, Various Editions. 

9 
8. Earl O. Heady, Economics of Agricultural Production 
9 


non e v N 


and Resource Use, 1952. (19) 
. Wilfred Candler and Earl O. Heady, Linear Program- 
ming Methods, 1958. (18) 

10. Marc Nerlove, “Distributed Lags and Demand Analy- 
sis for Agricultural and Other Commodities,” USDA 
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Table 10. Number of AAEA (AFEA) prize winners cited as references, 1959-1968 























Number of Best Number of Best Published Number of Honorable 
Articles Cited Research Items Cited ` Mention Items Cited 
Number of 
Times Cited Regular December All Regular December All Regular December 
Issues Issues Tasues* Issues Issues Isaues* Issues Issues Issues 
Only Only e Only Only Only Only 
0 6 17 3 22 36 19 5 7 3 
1 6 1 6 11 11 7 3 4 4 
2 5 0 5 5 4 7 2 2 2 
3 3 2 4 7 4 5 0 0 0 
4 0 2 0 4 1 9 1 0 2 
5 0 0 1 3 1 2 0 0 0 
6 1 0 1 0 0 2 1 0 0 
7 0 0 1 2 0 3 0 0 0 
8 0 0 0 0 0 0 0 0 1 
10 1 0 1 0 0 0 0 0 0 
14 0 0 0 0 0 0 1 0 0 
15 0 0 0 2 0 0 0 0 1 
16 0 0 0 1 0 0 0 0 0 
18 0 0 0 0 0 1 0 0 0 
19 0 0 0 0 0 1 0 0 0 
21 0 0 0 0 0 1 0 0 0 
Total 22 57 13 


* The eee in the Regular Issues and December Issues columns for a given “Number of Times Cited” do not accumu- 
late directly across to the “AH Issues” column. For instance, a prize winner cited once in Regular Issues and once in 
December Issues would be cited twice in “Al Issues.” f 
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the awards reflect relevance? Is the Journal of this article has been to ask as well as, in 
reaching our profession, en masse? The intent some degree, to answer these queries. 
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Economic Aspects of Ground Water Resources and Replacement 
Flows in Semiarid Agricultural Areas 


Micua Gisser AND ABRAHAM MERCADO _ 


This article integrates an agricultural demand function for water with a hydrologic model of 
an aquifer in a semiarid region. The model can aid policy-makers with problems from overdraft 
leading to a falling water table and with examination of the profitability of importing water from 
surplus areas and artificially recharging the aquifer. 


N attempt is made here to integrate the 
A economic theory of the agricultural 
sector with a hydrologic theory of 
ground water and replacement flows in one 
model. The agricultural sector is represented in 
the model by a demand function for irrigation 
water in a certain basin. Ground water is 
represented by a one cell model of an aquifer 
and replacement flow which are charged arti- 
ficially into the ground. The link between the 
models is as follows: the cost of water deter- 
mines, via the demand function, the amount of 
water used. But in turn, the amount of water 
used per unit of time determines the water level, 
and the water level determines the cost of 
ground water. The aquifer benefits from a 
significant natural recharge. Although the 
annual natural recharge is a stochastic variable, 
its expectation is known. The aquifer loses 
water via a process of natural discharge which 
is functionally related to the water level, and 
the parameters of this function are known. In 
this paper, concern is with the long-run steady- 
state solutions characterized by an eventual 
equilibrium in which, if necessary with the 
help of artificial recharge, overdraft is reduced 
to zero. Accordingly, one purpose of this paper 
is to provide a theoretical integration of eco- 
nomic and hydrologic analysis of replacement 
flows. The economic problem essentially is 
to select the replacement flow project that will 
leave the farm community with the maximum 
profit (net income) and an aquifer that is in a 
steady state. From the hydrologic viewpoint, 
a variety of replacement flow projects yield 
steady-state solutions. But given the cost of 
pumping and the cost of replacement flows, 
only one project simultaneously yields maxi- 
mum profit for the farm community and a 
steady-state solution. 
Results of this study are different from the 
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results reached by Kelso [10] in two respects. 
First, overdraft must not lead to agricultural 
abandonment. An overdraft may lead to an 
equilibrium in which overdraft will be reduced 
to zero. If this is not the case, importing water 
from out-of-basin sources should be considered. 
Second, a hydrologic model of a single cell is 
integrated with the demand function for irriga- 
tion water. This is an improvement of Kelso’s 
model. 


Background 


Economic aspects of ground water have been 
studied by several economists. Kelso [10], dis- 
cussing the problem of the water stock in cen- 
tral Arizona, assumed that: (a) water yielding 
efficiency of the falling aquifer remains constant 
with depth; (b) pumping cost per acre foot per 
foot of lift is constant regardless of depth; and 
(c) the only variable affecting net revenue 
within any farming system is pumping cost. 
This article might be viewed as an extension 
of Kelso’s 1961 paper with assumption (c) 
being replaced by the more realistic assumption 
that there is a negatively sloped demand curve 
for irrigation water. Also, Kelso’s assumptions 
about the aquifer are replaced here by a pure 
hydrologic model of a single cell. Milliman [11] - 
and Renshaw [12] studied ground water allo- 
cation problems. Renshaw in particular showed 
that storing water in ground reservoirs may 
lower the cost of pumping. Burt [4] developed 
other interesting aspects of reservoir manage- 
ment. He utilized a mathematical programming 
approach [3, 5, 6, 7] to develop a demand 
function for irrigation water that was further 
utilized in a dynamic programming formulation 
of the aquifer management problem. Burt’s 
solution was characterized by an eventual 
equilibrium with overdraft reduced to zero. 

In a complex model Rogers and Smith [13] 
studied the problem of ground and surface 
water in irrigation project planning. Bredehoeft 
and Young [2] formulated the problem for 
more complex aquifer conditions in which water 
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drawdown and hence the pumping lift at a. 
-particular location is usually not directly re- 
lated to the basin-wide average. In contrast, 
the approach presented here considers a simpli- 
fied single-cell aquifer model. The model is 
based on the realistic assumption that basin- 
- wide variations in hydrologic conditions do not 
deviate in any significant way from the basin- 


average; i.e., farmers’ behavior is mainly deter- 


mined by the overall level of the water table 
rather than by variations in that table. Bear 
and Levin [1] studied optimal utilization of an 
aquifer as an element of a water resources 
system; they provided a theoretical framework 
in which a demand curve for water is an integral 
_ part of an aquifer model. The present paper 
can be considered as an adaptation of parts of 
Bear and Levin’s study to a specific agricul- 
tural-economic problem where the demand 
curve of irrigation water can be estimated 
empirically. Thus, this study is an extension 
of Kelso’s as well as Bear and Levin’s studies. 
Empirical aspects of replacement flows in the 
Pecos Basin have been studied [8, 9]. 

But a theoretical summary of the issue of 
replacement flows is necessary. Economic 
problems of aquifers supplying water for agri- 
cultural irrigation in conjunction with replace- 
ment flows and the hydrology of an aquifer 
have not been adequately treated at the theoret- 
ical level. This is the main goal here. After 
discussion of the model, the authors consider 
some institutional problems that arise in formu- 
lating optimal ground water and replacement 
flow economic policies. It seems that such 
institutional problems deserve the attention of 
the economist in order to avoid simplifying 
the problem beyond the point of relevance for 
-policy makers. 


The Hydrologic Model 


A single cell model of a basin is described 
with the following notations: 


Symbol Description 
H water table 
R natural recharge 
R, artificial recharge 
wW water pumped 
W,„ natural discharge 


coefficient of return flow 
S  storativity of the aquifer (A =the 
area, and S=the storage coefficient). 


mR 


The coefficient of return flow (a) appears in 
such a way that return flows are assumed to 
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reach the water table practically instantaneous- 
ly. However, under many aquifer conditions 
and where the water table is relatively deep, 
return flows may require years or even decades 
to reach the water table. Definitely under such 
conditions the model would become invalid, 
and a more complicated model would be neéded. 

In Figure 1 the single cell model of the aquifer 
is geometrically described. Over a period of 
time the single cell gains the natural recharge, 
artificial recharge, and return flow: R+ Ra 
+aW. It loses the water pumped and natural 
discharge: W+W,. 

Natural discharge is a linear function of H, 
hence it can be written as 


(1) W, =a + bH. 


In what follows, Ra =0 unless otherwise stated. 
The differential equation which describes the 
water table as a function of time is - 


dH : l 
(2) r a or): 


The steady state solution is obtained by setting 
(2) equal to zero, ' 


(3) R+R+(e—1)W -— (a +bH) = 0 


where H, is the water level under steady-state 
conditions. If it could be assumed that farmers 
are insensitive to changes in the price of water, 
then W is constant and the solution of (2) 
would show how the water table behaves over 
time. 

Solving (2) for fixed W gives 


(4) H=[R+R.+(e-1)W—al/b+{[bH.—R 


—R,—(a—1)W+a]/b} exp {4 ; 


If artificial recharge is absent (R,=0) and the 
right-hand side of equation (2) is originally 
negative, the water table will continue to fall 
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until it reaches either the minimum allowable 
level (to be defined shortly) or. the steady state 
level. Steady-state conditions are achieved only 
if the possibility of the inequality W,<0 is 
ignored. From (3) the steady state level is 
derived as follows: 


(5) H. = [R + Ra + (@ — 1)W — a]/b. 


This definition can also be derived from equa- 
tion (4) by letting approach infinity. The 
minimum allowable level (denoted by Hw) 
is defined as a level of H such that if H falls 
below it, the aquifer will suffer unacceptable 
damages for a long time period. For example, 
if the water table falls below level Hm, the aqui- 
fer will be infiltrated by neighboring salty 
aquifers and the salinity of its ground water 
will rise to an unacceptable level. Another possi- 
bility is that H,, is simply the bottom of a 
confined aquifer. In this case, due to the 
stochastic nature of natural recharge, pumping 


becomes a problem. Another case is that if the- 


water table is below a certain level, the flow 
from the aquifer to a river will be reversed in 
direction; such a reversal may be legally un- 
wanted. For reference see [14, Ch. 12]. Panel 
(a) in Figure 2 describes the case where 
H,< Hmn. Panel (b) in Figure 2 describes the 
case where H,> Hm. 


Integrating the Hydrologic Model With the 
Demand Curve for Irrigation Water 


To keep the mathematics simple, the as- 
sumption is made that agricultural demand for 
water is linear. Let this demand curve be 


(6) W=g+kP 


where P is the price of water. If depth is de- 
noted by D, and Sz is a certain level used for 
reference, then the cost of pumping water is 
P=c +4 D=6)' +a! (Si—H), where c, repre- 
sents the cost of fixed capital plus the fact that 


the dynamic drawdown can roughly be con- 
sidered as giving rise to a fixed cost. The 
coefficient c’ is the marginal pumping cost 
per acre-foot per foot of lift. If coco’ ter’ Sz 
and a= —c', a simple linear function which 
relates the cost of pumping to the water table 
is obtained as follows: 


(7) p P= Co -}- cH. 
Substituting (7) in (6), 
(8) W=d+k-aH 


where d is equal to g+k-¢,. 
Substituting (8) in (2), the following differ- 
ential equation is obtained: 


dH 
(9) AS = RE Ret (a D+ bak) 


— (a + bH). 


This differential equation is derived from an 
integrated model in which economic, as well as 
hydrologic, aspects are present. The steady 
state condition for (9) is equation (3) where W 
is replaced by (8). The solution for (9) is given 
by 

a — (a — 1)(g + ke.) — R— Ra 











(10) H= 
f (a = 1)kez — b 
R + Rat (œ — 1)(g + kco) 
T { (a = 1) key — b 
— a + [(@ = 1)ke — bl E. 
= (a = 1)key — b } 


ay 


The steady-state solution is 


a — (æ — 1)(g + kco) — R- Ra 


C Be (a — Ika — b 
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Figure 2 describes the two alternative possi- 
bilities. Clearly, if the water table reaches first 
its steady state level and if R,=0, (Fig. 2, 
panel [b]), there is no need to consider replace- 
ment flows. However, if the minimum allow- 
able level is reached before the steady state 
level is reached (Fig. 2, panel [a], point A) 
replacement flows should be considered. If 
replacement flows are not available, farmers 
must be restricted to pumping a limited amount 
denoted by W,, satisfying equation (3) as 
follows: 


(12) R+(@— 1)W, — (a + bHn) = 0 
where R,=0. 


Replacement Flows 


Consider a situation in which point A in 
panel (a) of Figure 2is reached. At that point, 
Rı=0, and 


(13) R+ (a — 1)Wm — (a+ bHa) < 0. 


If an amount R,* indicated by (14) could be 
artificially recharged, a steady state solution 
at the minimum allowable water table could 
be achieved: 


(14) R,*=0—[R+(a—1)Wa—(a+bHp) |. 


Clearly this solution would be possible only if 
artificial recharging is: costless. If artificial re- 
charging is costly, and if for the sake of efficient 
allocation of resources farmers are charged a 
fee that generally covers the cost of artificial 
recharging, then a new solution must be sought. 

Three different prices should be considered: 


P,=cost per unit of water pumped. 

P,=cost*per unit of replacement water arti- 
ficially recharged. This includes the cost 
of shipping the water as well as recharg- 
ing. In this model it is assumed that this 
cost is a linear function of the amount of 
water artificially recharged (Ra). 

Py=price charged to farmers under the as- 
sumption that it must cover the cost of 
artificially recharging replacement flows. 


To obtain the steady state solution, five equa- 
tions in six unknowns (Pi, Ps, Pa, Ha, Ra, and 
W) must be solved: 


(7.1) Pi = ct af, 
(15) Pa = Zo + 2iR, 
(16) P, = PW + P:Ra 
W 
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(6.1) W =g + kP 
(3.1) R+ R.+ (e — 1)W — (a + bH) = 0. 


Thus for any given level of H, the above five 
equations can be solved. Suppose the solution 
yields a certain level of Ra, denoted by R,*. 
Given this, the following differential equation 
is obtained: 


dH 
(17) ASH ETRE te 1) 


4 f: + k(co + aB) + 





Vig + te + all + ane. + ARR 
— (a+ bB). l 


Let the right-hand side of (17) equal F. Equa- 
tion (17) can then be solved numerically by 
application of the following difference approxi- 
mation: 


At 
(18)  H@+ A) = HÀ + A 


Initial value of H denoted by H, corresponds 
to the time when the artificial recharging of R,* 
begins. Equation (18), when numerically 
solved, provides the path of the water level 
from H, to the new H,. 

There is not necessarily a solution for the 
above system. If P, is high such that W =0, 
there is no steady state solution which satisfies 
the above equations. 

The remaining stage is to determine the best 
solution. Given that H, is a parameter that 
varies in a certain allowable range, it can be 
varied and the corresponding set of W, Ra, and 
P; (Pa and Pı) found. This set plus the pro- 
duction function, prices of other inputs, and 
prices of outputs are sufficient to determine 
total agricultural profit. It is likely that the 
highest level of profit will be the level selected 
for determining. the optimal level of Ra, for 
example, but other considerations may also 
influence the policy decision. 

More specifically, consider the following 
aggregate agricultural production function, 


(19) Q = f(W, A, Bo), 


where Q is agricultural output, W is water, A 
is a variable input, and B is an input fixed at a 
level of Be. Farmers are confronted with 
parameters P,, Ps, and Pa, the prices of output, 
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water, and the variable input, respectively. If 
profit is denoted by I, then f 
(20) = Q- P, — W- P: — A: Pa — Bo Pe. 


Maximization of profit plus the production 
function give rise to the following three equa- 
tions in three unknowns: 


aQ 
(21) a Py = Ps 
Q 
(22) OA Pa = Pa 
(19) Q = f(W, A, Ba). 


The three unknowns are W, A, and Q. Accord- 
ingly, when the price of water (Ps) varies, in 
addition to water, the amount of input A as well 
as output are obtained. 

Thus, for each level of H, a price of water, 
P;, is obtained. For each price P, the maximum 
profit is obtained. Let the maximum profit for 
each level of H, be denoted by II*. Then a new 
function is defined as follows: 


(23) - if = $(H,), Hm < H, < Ay 


where Hy is the upper limit of the water table. 
Differentiating I* with respect to H, and equat- 
ing to zero (in principle) gives the maximum 
of II*. This maximum is denoted by II**, and 
the corresponding level of H, will be the steady- 
state level of the water table. 


Institutional Problems 


Some institutional problems arise. First, who 
will invest in a project of bringing water from 
far away and recharging it to the aquifer? 
If the source of imported water as well as the 
basin under consideration are within the bor- 
ders of a single state, such a project may be the 
responsibility of the state. However, if the 
source of water is outside the state and the 
basin is inside a single state or it extends over 
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the borders of many states, an interstate or 
federal project is called for. 

Second, notice that the price P, has two 
components, 


PaRa 





PW + PaRa 
iW + Heo 


(24) Py= W 


1 


In (24) Pı is the average cost of pumping. How- 
ever, the second expression, (P:R,)/W, is a fee 
that is the total annual (flow) cost of the project 
of importing water divided by the amount of 
water pumped. Thus, a governmental agency 
would have to gauge use of water by each 
farmer and impose a levy of (P2R.)/W per 
acre-foot. This is feasible, mainly because 
water-meters are already required in such 
cases. Also, state and federal agencies to carry 
out such projects already exist. 


Summary and Conclusion 


In semiarid areas in which farmers confront 
falling water tables, hydrology and economics 
must be combined in an integrated model to 
provide rational solutions to pressing problems. 
Such a model presented here combines a single 
cell hydrologic model with a (linear) negatively 
sloped demand function for irrigation water. 
This model enables both the economist and the 
hydrologist to consider alternative policies to 
cope with the problem of falling water tables. 
First, no policy may be needed if use of the 
model allows prediction that a steady-state 
level will be reached before the allowable mini- 
mum level. Second, if the minimum allowable 
level is reached prior to the steady-state level, 
the model lends itself easily to a comparison 
of two alternative policies, (a) restricting the 
water pumped to a level that will yield a 
steady-state condition of the minimum allow- 
able level of the water table, and (b) artificially 
recharging replacement flow and investigating 
the steady-state solutions corresponding to it. 
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Application of Dynamic Programming in Markov Chains to the 
Evaluation of Water Quality in Irrigation* 


D. Yaron ann A. OLIAN 


With the aid of a dynamic programming model in Markov chains, this paper presents an eco- 
nomic analysis of irrigation with saline water. Results provide guides to optimal irrigation 
policy. Estimates of the value of water quality in irrigation are derived, and possible applica- 
tions in water resource development decisions are discussed. 


carried out regarding the effect of water 

quality on crop yields[1, 2, 3, 6, and 11], 
but relatively few studies on the economic di- 
mension of the subject have been published 
[9, 10, 12, 13, and 14]. Most of the economic- 
oriented studies adopt a static framework and 
neglect the dynamics of the system. Such dy- 
namics play an important role in situations 
typical to the Mediterranean climate, where a 
dry summer irrigation season is followed by a 
rainy winter with stochastic quantities of rain- 
fall. This paper emphasizes the dynamic as- 
pects of irrigation with saline water over a 
sequence of years. 

In an analysis of the value of. water quality 
in irrigation, a distinction should be made be- 
tween three ranges of time and three corre- 
sponding models: 

(a) A “short run” model refers to relation- 
ships confined to a single irrigation season. The 
model refers to the initial salinity of the soil 
profile at the beginning of the irrigation season 
as given, for each initial state analyzes the 
optimal combination between water quantity 
and quality but does not take into account the 
effects of accumulation of salt over time. 
“Short run” irrigation problems are not dis- 
cussed in detail here (refer to [5 and 14]). 

(b) A “long run” model accounts for the 
effects of salt accumulation in the soil profile 
over time. It comprises a succession of short 
run processes, the initial conditions of which 
are affected by salt accumulation in previous 
periods; irrigation decisions over a single sea- 


C ONSIDERABLE experimental work has been 
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son take into account the resulting terminal 
conditions due to each alternative and the ef- 
fects in succeeding periods. 

(c) An “extended long run model” takes 
into account both salt accumulation in the soil 
profile and its accumulation in the underground 
water reservoirs. 

This paper is restricted to the “long run” 
only. It neither explores irrigation decisions in 
the “short run” nor discusses the “extended 
long run” effects of salinity accumulation in 
underground reservoirs. 


The Long Run Model 


The basic conception is one of an-“WV stage 
dynamic system, with a given number (M) of 
states, a succession of decision options, random 
events, transformation functions of the system . 
from one state to another, and a profit (or loss) 
function related to the decision options and the 
states of the system. The nature of the problem 
fits well the dynamic programming model in 
Markov chains [8]. 

Two major situations concerning crop types 
can be distinguished. (a) In irrigation of 
perennial crops, such as citrus, the problem is 
to determine the optimal combination of water 
quantity and quality with the crop being con- 
stant. Farmers have the option to replace the 
crop if it is unprofitable over a series of years. 
(b) In irrigation of annual crops, such as field 
crops and vegetables, the problem is to de- 
termine both the optimal rotation of crops and 
corresponding irrigation policies. In this paper 
analysis is confined to a perennial crop (citrus). 

The model can generally be applied to anal- 
ysis of alternative irrigation decisions in regard 
to quantity and quality of irrigation water at 
any time of the year. Due to limitations of 
empirical information, the specific model pre- 
sented below relates to a subset of the overall 
decision options and is confined to the analysis 
of winter leaching policy. Quantity and quality 
of summer irrigation water is assumed to be 
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constant. Water quality is varied parametri- 
cally, exogenously to the model. 

A planning horizon of N stages or years is 
referred to with a single year being a basic unit 
in the sequence. Each year begins at the end 
of the winter rainy season. It is assumed that 
all rainfall is confined to the winter season, 
this being a good approximation to reality for 
the Mediterranean climate. The empirical 
analysis relates to a subhumid region in which 
need for supplementary irrigation during the 
winter season is negligible. 

The following elements comprise the model: 

&:(n) denotes state 7 at the beginning of year 
n, at the termination of the rainy season of the 
previous year. It is defined in terms of mean 
chloride concentration in the soil profile to a 
depth of 90 cm (m.e. Cl/l on a saturated paste 
basis). Fifty discrete states are distinguished, 
(i=1, 2,+-++, 50). 


d;i? is the kth decision (k=1, 2,--+, K) 


taken at state 7 in any year. Definition of the 
feasible decision set, from which the kth de- 
cision is selected, is independent of the state 
of the system and the year in the sequence; it 
‘ig assumed that in all states and years the same 
decisions are a priori acceptable. The dè de- 
cisions are defined in terms of quantity of water 
used to leach the soil profile at the end of winter 
and before the summer irrigation season. The 
rationale for the definition of such decision 
options follows from a-study by Bresler and 
Yaron [5] that implies that the best timing for. 
leaching is when the profile is saturated. An- 
other reason for testing the validity of leaching 
at the end of the winter season is the relative 
abundance of water supply as compared with 
demand for water at this time, a fact reflected 
in the alternative cost of water. 

Quality (salinity) of water is referred to as a 
parameter exogenous to the model with a dif- 
ferent salinity level for each run. The quantity 
of water applied during the irrigation season 
is assumed to be constant at the level practiced 
by farmers. The model can be.adapted easily 
to accommodate the quality of water as an 
endogenous variable and varying summer ir- 
rigation levels as additional decision options. 

6,(#) is the random rth level of rainfall in 
year a(r=1, 2,:-:-, R), with probability 
plea]. (ZE p[6-(2)] =1.) It is assumed that 
the probability distribution of rainfall in 
year # is independent of the rainfall in year 
n. pi is the transformation probability of 
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the system from state 4 to state 7 following the 
kth decision with the corresponding trans- 
formation function being 


(1) gln — 1) = Plg), 6-(n)]. 


1 
For a given combination of state ¢:(»), de- 
cision d#*, and a rainfall level 0,(n), there is a 


. unique transformation from &(#) to &(n—1) 


with a probability p./*. 

Due to the complexity of the transformation 
(1) and the sequential nature of the salt leach- 
ing and accumulation process, this function 
was expressed in the empirical study by three 
successive auxiliary functions: (a) a salt leach- 
ing function expressing the effect of the leach- 
ing irrigation at the end of the rainy season, 


(1.1) t(n) = glen), dè] 


where £,* is the adjusted chloride concentra- 
tion in the soil profile due to the leaching de- 
cision d#; (b) a summer irrigation accumula- 
tion and/or leaching function, 


(1.2) tott (n) = gE *(n)] 


where £,** is the fall soil chloride concentration 
due to summer irrigation of a constant quan- 
tity; and (c) a winter rainfall leaching function, 


(1.3)  &(n — 1) = g’[E,**(n), 0-(n)]. 


It is easily seen that integration of the func- 
tions (1.1) through (1.3) by successive substitu- 
tions gives the unique expression of the func- 
tion (1). 

fè is the immediate net return in any year n 
derived from decision & at state 4. It comprises 
(a) negative or zero returns, due to cost of 
leaching at the end of the winter and (b) a 
positive return due to the yield achieved in 
response to decision k at state ¢. This return 
takes into account the loss accrued to the yield 
due to salt concentration in the soil profile in 
the course of a single year. 

A.(n) is the maximal expected value of cumu- 
lative net return at state i in year » computed 
as in (2) below. The problem is to maximise 
A;(N) for any initial state ¢, using the recursive 
equation 


M 
(2) An) = max i + a >> př An — n| 
È jmi 


where a<i is a time discount factor, and 
A:(0)=0 for all z, for N large enough. 
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Empirical Application of the Model 


In this section an application of the model to 
an economic evaluation of water quality for a 
selected case is presented. The case relates to 
citrus production—Shamouti on sweet lime 
root stock—on medium texture soil (SP =37.5) 
in the Northern Coastal Plain of Israel, with 
mean annual rainfall of approximately 600 mm. 

Economic data (yield, price, fixed and vari- 
able cost) were obtained from a citrus profit- 
ability survey in Israel [7]. Since these data 
are of local relevance, they are not presented 
here; however, note that the yield referred to 
was 12.4 tons per acre.? 

The physical relationships used are described 
as follows: 

(a) End winter salt leaching (1.1) was 
evaluated according to a model proposed by 
Bresler [4]. The soil profile was divided into 
three layers of 30 cm each, through which the 
body of water perforates. It was assumed that 
the soil profile was saturated to field capacity 
at the time of leaching, apparently a reasonable 
approximation for this time of year, and that 
leaching could be carried out in the course of a 
single irrgiation only. 

(b) Evaluation of salt accumulation and/or 
leaching during the summer irrigation season 
(1.2) was based on the law of mass conserva- 
tion, whereby the amount of salt added to the 
soil profile by the body of water less the amount 
leaching out is equal to the terminal salinity 
content of the profile. The above basic identity 
can be written as 


rere). 


(3) QuCle — BQw ; =p 


where 


Q.=depth of irrigation applied (mm); 
Ch = chloride concentration in the irrigation 
water (m.e. Cl/); 
b= fraction of irrigation water applied be- 
ing leached out of the profile; and 
Y =amount of water contained in the rel- 
evant soil profile (mm), with * and 
£** as defined above. 


The parameter 8 was evaluated to be 0.10. 
It was necessary to evaluate 8 due to the lack 
of detailed empirical information on evapo- 
transpiration and leaching in citrus irrigation. 


1 Detailed data can be obtained from the authors upon 
request. 


From equation (3) is obtained relationship (4): 


-)/ 
(r+) 


(c) Leaching of the profile due to rainfall 
(1.3) was also computed on the basis of the 
above-mentioned relationship pertaining to the 
law of mass conservation. In this case, the 
salinity of rain was taken as being zero. There- 
fore identity (3) can be modified to 


[e**(n) + El — 1)] 
yR = 
(5) 2 


pet = OuCls + t* (v 
(4) 


= [**(n) — Eln — 1)]V 


where R is the amount of rainfall (mm) and 


y(0<y<1) is the fraction of the amount of 


rainfall effective in leaching. Other symbols 
are as defined above. y was evaluated, on the 
basis of empirical observations, to equal 0.6. 
Use of equation (5) results in 


Hn — 1) = EC) (ae 
(v+75). 


Frequency distribution of discrete amounts 
of rainfall for the area of the empirical analysis 
was obtained from rainfall data accumulated 
over the last 35 years. 

(d) Evaluations of yield loss due to salinity 
were provided by co-operating soil scientists on 
the basis of data from local and other sources 
(see footnotes). It was assumed that average 
seasonal soil salinity of 7.5 m.e. Cl/l (at sat- 
urated extract) caused a yield loss of 10 per- 
cent, and soil salinity levels of 10, 15, 20, and 
50 m.e. Cl/] caused a yield loss of 20 percent, 
35 percent, and 50 percent, respectively. 

The model was applied to a sequence of 50 
years (N = 50), long enough to set A,(O) =0 for 
all i, (the value of state ¢ at the terminal year 
of the system), for &< 1. Rate of interest of 12 
percent per year was assumed with a=1/1.12. 
Different levels of irrigation water quality were 
applied for each run (2, 4, 6, 8, 10, 12, and 14 
m.e.Cl/l). 


Four leaching polices were tested—0 (no 


(6) 
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Table 1. Annual expected steady state mone- 
tary losses due to soil and water 
salinity 


Initial soil Water salinity m.e. Cl/l 
profile salinity 


m.e CI 2 4 6 8 10 12 14 





IL/du per years 
1 180 





5 18 6 97 44 206 226 

10 22 53 107 153 188 212 232 

15 27 59 112 157 191 215 235 

20 33 64 116 161 194 218 237 

25 38 69 120 163 196 220 239 

a 4.20 IL (israeli Lirot)=one U. S. $; 4 du (dunam) = 


one acre; IL/du=.954 $/acre. 


leaching), 100, 150, and 200 mm. Quality of 
water used for leaching was assumed to be the 
same as that of the summer irrigation water 
levels for 2-6 m.e. Cl/] and 6 m.e. Cl/l when 
summer irrigation water of higher salinity was 
applied. Results of the analysis follow. 

It was assumed that the alternative cost of 
water used for leaching was lower than the 
“average” alternative cost, due to the particu- 
lar season for leaching (0.1 IL./m? water, 
equivalent to 2.4 U.S. cents). 


Winter leaching 

The results provide detailed information on 
the optimal leaching policy in terms of quantity 
to be used for each state of the soil profile at the 
end of the winter, quality of leaching water, 
and quality of irrigation water in the following 
summer. It was found that convergence to a 
steady state policy occurs within three to five 
years. Optimal steady state policies were de- 
rived. For example, using summer irrigation 
water of quality 6 m.e. Cl/l and leaching water 
of the same quality, the optimal policy is to 
apply 200 mm for leaching whenever soil profile 
salinity.is above 8 m.e. Cl/I. 


Steady state annual monetary losses 


Expected steady state monetary losses on a 
yearly basis accrued to yields under optimal 
leaching policy, computed from the results, are 
presented in Table 1. 


Value of water quality 


The results presented in Table 1 served as a 
basis for the estimation of the value of water 
quality. For example, for an initial soil salinity 
of 5 m.e. Cl/] the value of one m.e. Cl/I in the 
water applied to one dunam of Shamouti on 
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sweet lime (700 m’) in the range 6-8 m.e. 
CI is 


144 — 97 


= 23.5, 
2 


or —— 
700 


of this amount per one m, namely, IL. 0.03 ap- 
proximately. 

Corresponding values for the whole range of 
water quality are as follows: 


Range of 


water quality 24 46 68 810 10-12 12-14 
Value of one 


m.e. Cl/l 0.02 0.04 0.03 0.03 0.02 0.01 


The values for other initial salinity conditions 
are of similar magnitude. 


Estimated value of initial soil profile salinity 


As can be seen from Table 1, the effect of 
initial soil salinity on yield reduction is in the 
range of IL. 0.005-0.01 per m.e. Cl/l. 


Summary and Discussion 


In this paper a long-run approach to the eco- 
nomic evaluation of water quality in irrigation 
was described. While the emphasis of the paper 
was on methodology, empirical estimates for one 
selected situation were presented. The es- 
timates derived relied heavily on assumptions 
made with regard to salt leaching and accumu- 
lation and yield functions. These functions 
were formulated with the aid of soil scientists 
on the basis of a considerable amount of field 
data and may be considered as good approxima- 
tions to reality. 

Decision variables in the analysis were re- 
stricted to quantities of water used for leach- 
ing, with the quality of water being an exogen- 
ous parameter. The model can accommodate 
other decision variables such as quality of the 
leaching water, quantity of irrigation water, 
and intervals between successive irrigations. 
With minor modifications the model can be 
applied to analyses of situations in which, be- 
yond the possibility to vary water quantity and 
quality i in irrigation, adjustments can be made 
in the cropping systems of the farms. 

The economic significance of the model and 
the results which may be derived through its 
use are on two levels, the micro farm level and 


the level of regional water resource develop- 


ment. Regarding the farm level, use of the 
model points to the optimal irrigation policy, 
with selection of decision variables depending 
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on the particular situation of the farm. The 
most meaningful use of the model on this level 
would be with respect to farms which have a 
water supply from different sources of varying 
qualities (e.g., farms in Beisan Valley in Israel). 
On farms without control of the quality of their 
water supply, the decision options are restricted 
to leaching decisions only. Such a case was re- 
ferred to above. 

Regarding the regional level, the model and 
the empirical estimates obtainable with its aid 
may be useful in the analysis of water resource 
development where the parameter of quality is 
taken into consideration. Water quality has 
gained increasing attention in recent years in 
numerous locations in the world [9, 10] due to 
the gradual process of pollution and quality 
deterioration of some major natural sources of 
water supply and the technological possibility 
to improve quality of water by special treat- 
ments such as desalination. A comprehensive 
analysis of the value of quality of water will be 
meaningful only if performed within the frame- 
work of an actual water demand and supply 
situation. While such an approach falls beyond 
the scope of this paper, the possible magnitudes 


of the “quality premium” to be assigned to 
desalted water can be pointed out. Consider a 
hypothetical (but not unlikely) situation of 
citrus irrigation, 10 to 15 years in the future, in 
which the MVP of a standard cubic meter of 
water with chloride content of 8 m.e./l would 
be 0.20 IL/m3, (60 $/acre foot). Assume that it 
will be mixed with one mê of desalted water at 
the ratio of 1:1. In the result two m? of water 
will be obtained with chloride content of 4 
m.e./l. On the basis of results presented here, 
if a quality premium of IL. 0.03 per 1 m.e. Cl/l 
is assigned, the total value of the two cubic 
meters obtained after mixing will be IL.0.64, 
leaving a net value of IL. 0.44 for the desalted 
cubic meter, i.e. more than twice the standard 
MVP. 

The above only approaches a possible use of 
the model’s results. A comprehensive analysis 
considering demand for water and the total 
water supply system should be undertaken to 
arrive at more specific conclusions about the 
value of water quality under any specific de- 
mand-supply situation. A major consideration 
in such an analysis will be the relative area of 
crops, such as citrus, sensitive to salinity. 
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On the Incongruity of Program Objectives and Project Evaluation: 
An Example from the Reclamation Program* 


Danie, W. Bromury anp Bruce R. BEATTIE | 


In public programs project evaluation is often based on an objective that is more specific than 
the general objectives of the program. In such situations, benefits may be underestimated. The 
magnitude of this underestimation is assessed for a proposed reclamation project in Southern 
Idaho. 


in the 17 western states receive irrigation 
water provided by the Reclamation 
Program [14]. While appropriations for the 
Bureau of Reclamation now stand at approxi- 
mately one-third of their level 20 years ago (in 
1967 dollars), the Reclamation Program still 


A" the) present time over 33 million acres 


, continues. With the recent interest in multi- 


objective planning and evaluation of water re- 
source projects, it would seem pertinent to in- 
vestigate the nature of the Reclamation Pro- 
gram, the objective function utilized to com- 
pute irrigation benefits, and any incongruity 
that may exist between the objectives of the 
Reclamation Program and the concept that 
gives rise to benefits and costs. 

As students of farm policy are aware, much 


farm-related legislation rests on the assumption 


that the preservation of the “family farm” is a 
significant goal of U. S. farm policy. One of the 
more explicit manifestations of this goal can be 
found in the Reclamation Program where 
acreage restrictions limit the size of farms re- 
ceiving project water. According to Kimball 
and Castle, the objectives of the Program are: 


(1) to provide opportunities for the maximum 
number of settlers on the land; (2) to distribute 
widely the government-involved, interest-free 
funds for irrigation; and (3) to promote the 
family farm as a desirable way of life. [8, p. 26] 


As was codified in the 1902 National Recla- 
mation Act of the 57th Congress, 


No right to the use of water for land in private . 
ownership shall be sold for a tract exceeding 160 
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acres to any one individual landowner. Ô, 
[2, p. 252] 


-In this paper the theoretical basis for benefit 
measurement, as practiced by the Bureau of 
Reclamation is presented. It is argued that 
project benefits as computed are less—as a 
result of institutional constraints—than they 
would be in the absence of such constraints 
and are less than they would be if an- objective 
function consistent with the Program’s objec- 
tives were utilized. Results of a numerical ex- 
ample suggest the order of magnitude of this 
divergence for a specific Reclamation Project. 
Finally, the opportunity cost of the “family 
farm” and implications for project evaluation 
are discussed. 


The Theoretical Framework 


The position taken in this paper is that the 
difference in factor rent accruing to the owners 
of fixed factors of production (quasi-rent) is a 
component of direct social cost.! If such rents 
are altered due to the manipulation of a policy 
variable—in this case, size of farm—differences 
should appropriately be accounted for in 
benefit-cost calculus. 

Assume a reclamation project involving m 
new 160-acre irrigated farms. For such a proj- 
ect, one could presumably determine the ag- 
gregate derived. demand function for wee for 
example, 


(1) Py = f(X1, Py, Ps,Ps, ++ +, Pa) 


where P; is the price of water, X, is quantity of 
water, P, is product price, and P;(t=2, 3,---, 
n) is the price of the ith factor (excluding the 
fixed factor land).2? Assuming the underlying 
production function is well-behaved (i.e., yields 


1 For a discussion of the theoretical issues here see Har- 
berger [6]. 

2 More precisely, this equation is an inverse demand 
function; the usual factor demand function expresses 
quantity as a function of price whereas here price is ex- 
pressed as a function of quantity. Also, a single-product 
production process is assumed. 
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downward sloping. factor demand functions) 
and treating the product price and the non- 
water-input prices as fixed parameters, a tradi- 
tional two-space representation such as P, in 
Figure 1 may be specified. 

It is hypothesized that the aggregate demand 
curve for water on a project containing m new 
160-acre farms (P, in Figure 1) lies below the 
aggregate demand curve for water if the project 
is comprised of fewer but larger farms (P,*). If 
the scale of the project is such that X;° acre 
feet of water per season can be provided, then 
the shaded area between the two aggregate 
demand curves, the ordinate, and the “supply 
curve” (S) represents the direct annual oppor- 
tunity cost of designing projects to perpetuate 
the “family farm,” the argument being that 
this cost is due to delivery of water to farms of 
less than optimum size. In general, the annual 
direct opportunity cost of creating family farms 
by means of the 160-acre limitation is given by: 

xr 
i [P:*(X:) — P(X:)]aX 


xy 


Gy. Z= 


where Z is annual direct opportunity cost, 
P;* is the aggregate price demand function for 
optimally-sized farms, P; is the same function 
for 160-acre farms, X1° is project water supply, 
and X;4 is some initial point of integration. 
The Bureau of Reclamation’s empirical no- 
tion of “repayment capacity” is equivalent to 
the area under the water demand function. The 
budgeting procedure used by the Bureau to 





x? Acre feet of water 


1 per season 

Figure. 1 Hypothesized aggregate demand curves for 
water under two assumptions regarding 
farm size 
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calculate repayment capacity is adopted for 
purposes of this paper. That is, repayment 
capacity is calculated as follows: 


(1) ascertain crops to be grown on project 
acreage, yield and price in the economic 
midpoint of the analysis; 

(2) compute gross revenue and gross ex- 
penses (net of water charge) per acre; 

(3) compute “net farm income” per acre 


(repayment capacity). 


In effect, all factors are costed out of gross 
revenue, leaving a residual return for manage- 
ment, water, and rent accruing to the fixed 
factor(s). Because costing of management is an 
imposing problem in farm management re- 
search, the Bureau includes return to manage- 
ment and rent in returns to the residual claim- 
ant—in this case, water. Assuming that the 
quantity and quality of management is not 
significantly different between 160-acre and 
larger irrigated farms, then presumably dif- 
ferences in net farm income per acre (repay- 
ment capacity) can appropriately be attributed 
to water. 


A Numerical Example 


The Mountain Home Division of the South- 
west Idaho Water Development Project is a 
multipurpose undertaking, proposed by the 
Bureau of Reclamation, that would provide, 
among other goals, for the establishment of new 
farming opportunities on 44,405 acres of public 
land—land that is presently in reclamation 
withdrawal[3]. Lindeborg [10] has recently 
investigated the marginal value productivity 
of water in southern Idaho. The Oakley Fan 
region included in Lindeborg’s study is located 
close to the Mountain Home Project. Accord- 
ingly, Lindeborg’s findings are suggestive of 
the differences in repayment capacity afforded 
by altering the size of farms in that region. 

Repayment capacity information in the 
Oakley Fan area for 200- versus 600-acre farms 
is presented in Table 1. Lindeborg found that 
net farm income for a 600-acre farm was sub- 
stantially more than triple that for a 200-acre 
farm—$33,761 compared to $6,093. If new 
farms of 200 acres were created on public lands 
in the Mountain Home Division, there would 
be 222 farms on the 44,405 acres. At an es- 
timated $6,093 of net revenue per farm, total 


2 This is simply the “halfway”. point for the project’s 
design life, 
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Table 1. Optimum crop combination, net revenue per crop-acre, net revenue per crop, and 
total net revenue* per farm on two farm sizes (Oakley Fan area)? 
200 Acre Farm 600 Acre Farm 
Crop ; i 
Per Acre Net Per Acre Net 

Acres Revenue Acres Revenue 
Potatoes ` 30 $73.58 $2,207.40 140 $100.46 $14,064.40 
Sugar Beets 30 10.52 315.60 60 31.34 1,880.40 
Grain 80 40.22 3,217.60 280 55.18 15,450.40 
Alfalfa 20 —4,94 —98.80 60 8.34 500.40 
Beans 35 12.90 451.50 60 31.09 1,865.40 
195 $6,093.30 600 $33,761.00 





* Net revenues include returns to management and pure profit (rent), as well as return to water. 


b Source: [11]. 


project net farm revenue would be $1,352,646. 
However, if farms of 600 acres were established, 
there would be only 74 farms, but total project 
net farm revenue would be $2,498,314. The 
difference, $1,145,668, represents an estimate 
of the value of direct output that would be 
forfeited to create farms of 200 acres in size 
rather than larger, more efficient farms.4 

The direct opportunity cost figure is, of 
course, an annual estimate of income foregone; 
it is necessary to compute the present value of 
this opportunity cost over the life of the project. 
_Assuming a 50-year project life and a discount 
rate of 7 per cent,’ the present value of direct 
opportunity cost of the 200-acre versus the 
600-acre farm is $15,811,073; for an assumed 
project life of 100 years the direct opportunity 
cost is $16,347,824, 

Two caveats should be noted in interpreting 
the figures. First, in actuality, planned farm 
size in the Mountain Home case is 80-90 

“acres. Thus, the social cost estimates offered 


4 Studies of irrigated agriculture in southern Idaho reveal 
that most size efficiencies are achieved with a 600-acre 
operation [7]. 

*The Water Resources Council—in their proposed 
Principles and Standards—advocates a discount rate of 7 
percent. There is, of course, a lengthy debate in the litera- 
ture over this issue, and the Council admits that a rate of 
10 percent might be more appropriate. As for the project’s 
life, the Council argues: 


The period of analysis will be the lesser of: (1) the 
period of time over which the plan will serve a useful 
purpose considering probable technological trends 
affecting various alternatives; or (2) the period of time 
when further discounting of beneficial and adverse 
effects will have no appreciable result on design. 
Where pertinent, however, appropriate consideration 
will be given to long-term environmental factors 
which may extend beyond periods significant for 
analysis of effects for national or regional economic 
development [15]. 


here (based on the comparison of 200-versus 
600-acre situations) are no doubt conservative. 
However, a second caveat tempers this one 
because, despite intentions of the Congress to 
create “family farms,” history records that 
the effectiveness of acreage limitations is not 
long-lived. Establishment of small farms on re- 
clamation projects does not insure the survival 
of those farms. Kimball and Castle [8] found 
that on a project in central Oregon, the 642 


‘planned ownership units were consolidated 


into 550 bý the time water was available to the 
entire project. Farms less than 40 acres in size 
decreased the fastest but stabilized in number 
as off-farm employment opportunities were 
found. Whereas farms over 160 acres comprised 
only 4 percent of the original ownership units, 
within eight years this size class comprised 22 
percent of the operating units. If Kimball 
and Castle’s findings are suggestive of what 
can be expected for reclamation projects in 
general, then estimates of direct opportunity. 
cost should be reduced accordingly. However, 
for this example the estimate offered is prob- 
ably on the low side because of what appears 
to be a very great divergence between the 
“planned for” (80 to 90 acre) and “more ef- 
ficient” sized (600 acre) irrigated farms in 
southern Idaho. 


Implications 
While the objectives of the Reclamation 
Program are recognized as providing for settle- 
ment opportunities, perpetuating the family 


6 Because a spouse may hold title to part of the land 
receiving reclamation water, it is possible for an “operating 
unit” actually to exceed 160 acres. The extent to which the 
“160-acre law” has been circumvented is further docu- 
mented by Taylor [12]. 
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farm, and distributing government subsidies, 
the objective function employed in project 
evaluation—and hence the concept from which 
benefits and costs are derived—is expressed in 
terms of income potential (willingness to pay). 
Use of a willingness-to-pay concept when in- 
_ stitutional constraints preclude the optimum 
combination of productive factors results in an 
incorrect assessment of the full social value of 
the program; willingness-to-pay benefits are un- 
dereslimaied in relation to the productive po- 
tential of the site under different organizational 
rules. This would be appropriate if the other 
nonmonetary benefits which are of relevance 
in the program were given expression in the 
evaluation process; however, such is not the 
case. . 
Since many public programs are conceived 
with the intent of meeting diverse objectives, 
several suggestions have recently been made 
for generating and displaying both monetary 
and nonmonetary impacts from such under- 
takings [2, 9]. Yet much recent emphasis on 
multiobjective planning and evaluation has 
focused attention on ways of measuring bene- 
fits in monetary terms for the many disparate 
types of project impacts [11]. Certainly ef- 
forts to obtain monetary proxies for goods and 
services not now given expression through the 
market should continue, but it is most im- 
portant that these investigations first con- 
centrate at the theoretical level to insure con- 
ceptual validity. Public programs create 
monetary as well as nonmonetary outputs, 
and exclusive concentration on the issue of how 


1The argument here is not that continued public- 
sponsored irrigation of the arid West is justified on national 
income grounds; the authors agree with Boulding [1], 
Tolley [13], and Freeman [4] in this regard. 

t For similar views, see Freeman and Haveman [5]. 
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to express the latter in terms of the former 
might be considered by some to be inconsistent 
with the true meaning of multiobjective eval- 
uation. 

A more comprehensive evaluation of public 
sector activities, including the Reclamation 
Program, would seem to suggest less emphasis 
on benefit-cost analysis and more on cost- 
effectiveness analysis. More attention could 
then be paid to the illumination of the full op- 
portunity costs of, for example: (1) attaining 
a certain level of water quality; (2) achieving 
a certain degree of regional development; (3) 
providing for entrepreneurial opportunity; or 
(4) attaining a certain income redistributive 
objective. However, in public sector programs, 
the issues are rarely this simple. Often decision 
makers need to know the opportunity costs of 
achieving several independent objectives. Here 
one not only analyzes alternative means for 
achieving each of the several objectives, but in 
the process of articulating the most cost-effec- 
tive means, is in a position to illustrate the 
opportunity cost of achieving one objective 
vis-à-vis others. This process then provides the 
basis upon which informed judgments regard- 
ing tradeoffs can be made. 

In summary, the Reclamation Program is a 
classic example of a multiobjective under- 
taking, yet the evaluation criteria applied are 
quite at odds with stated objectives. More 
relevant for the future is the fact that as 
research focuses on ways to expand traditional 
benefit-cost analysis to incorporate nonmone- 
tary impacts, serious conceptual and empirical 
difficulties will be encountered. A cost-effec- 
tiveness approach avoids many of these ob- 
stacles, and, of equal importance, may result 
in analysis that is more congruous with the ob- 
jectives of public programs. © 
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Environmental Perceptions and Policy Misconceptions * 
C. Dircx Dirwiter 


Several social institutional states and environmental perception processes are analyzed to 
ascertain why examination of environmental problems and solutions within a holistic frame- 
work often does not lead to expected rational solutions. Implication of these factors for policy 
analyses leads to the conclusion that such analyses can be improved by expanding the scope of 


the traditional economic model. 


ANY people increasingly concerned 
M about environmental quality have 

argued the need to examine problems 
and solutions in a broad context. They plead for 
a holistic or ecosystems framework,! typically 
defined in terms of the natural and physical 
elements of the ecosystem. Limited elements 
of the social sphere are imperfectly laid over 
this framework. The implication is that man’s 
total environment is intelligible through the 
rational processes of the physical world. They 
seek to define an optimum environment from 
natural laws. The answer, however, does not 
lie in these laws alone. What is optimal depends 
upon people’s perspectives and values. There is 
no universal ecologically rational man. 

In contrast, some people have questioned the 
operational effectiveness of the holistic ap- 
proach to social problems [5, 11]. The typical 
argument is that although this approach has 
helped us understand problems, it has done 
little to generate solutions. That is, new prob- 
lems emerge when we move from a high level 
of abstraction and deal with practical issues. 
The problem extends beyond the difficulty of 
identifying relevant system variables. It re- 
quires changing man to fit the environment. 
Even so, many people find it difficult to under- 
stand why man continues to be “irrational” 
and why he takes an ad hoc or piecemeal ap- 
proach to environmental problems. 

This paper postulates that it is not enough 
to argue that since connectedness is the es- 
sence of all things, an ecosystems analysis 
will lead to an “objectively rational solution.’ 


* The author is indebted to Paul Barkley, James Barron, 
Ralph Loomis, and the anonymous reviewers for ‘their 
helpful comments. Paper 4020 of the Washington Agri- 
cultural Experiment Station, Project 0075. 

1 A notable recent example is [1]. Elements of economic 
theory—especially the concept of externalities—as well i as 
ecological theory also clearly suggest this need. 


Rationality in the physical sphere does not 
automatically lead to rationality in the social 
sphere. To recognize this, one must better 
understand man’s perception of certain ele- 
ments of his environment. To do so, it is in- 
structive to look at some social institutional 
states and some environmental perception 
processes that often import operational ob- 
stacles into conceptually rational analyses. 

Many believe that economic analyses can— 
and should—play a more direct role in forming 
environmental policy. A better understanding 
of certain institutional states and perception 
processes should lead to their explicit recogni- 
tion in problem analysis. In turn, this should 
help increase the power of economic analyses 
in both operational and abstract problems. 


The Call for Objectively Rational Action 


“Environment” includes many factors, na- 
tural and man-made, external to man. Man 
lives by exchanging matter and energy with 
his environment. The form and pattern of ex- 
change depends, largely, upon man’s social, 
economic, and technological milieu. Initial re- 
lationships with the environment mainly con- 
cerned the basic needs of life. However, eco- 
nomic development has brought a significant 
change in man’s relationship to his environ- 
ment. Now that the basic needs have been met, 
a new class of more complex demands are being 
placed on the environment. These demands are | 
often nebulous, intangible, and based largely 
on subjective perception. 

New environmental concerns are gaining 
visibility through old institutions. As a conse- 
quence, the tendency is to focus on physical 
changes resulting from man’s interaction with 
the environment—e.g., a dam on a river— 
rather than the impact of such change on man. 
The character of a river is changed, but the 
changes are not the reasons why the river is 








* Such a solution implies that man views and understands 


C. Dincx Drrwitzr is associate professor of agrioultural 
economics and associate professor of environmental science at 
Washington State University. 


his world through objective reason applied to scientifically 
ascertained facts and that he will act according to this 
understanding. 
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used. Man’s interest and sense of importance 
are the reasons. Physical structures are merely 
the outcome of the existence of the river and 
man’s special interest in it. However, the focus 
on man-made attributes creates the tendency 
to think about and analyze man’s activities in 
terms of these attributes. Thus, means (inputs) 
tend to assume the role of ends (outputs). 

The process has been institutionalized in 
many governmental agencies where missions 
are typically defined on an input basis—e.g., 
forests, soils, irrigation dams, and flood con- 
trol projects. Thus, it is difficult to develop a 
holistic attitude toward the contributions of 
integrated activities. 

In a democracy individuals or special interest 
groups usually seek to accomplish goals within 
pertinent political and legal institutional struc- 
tures. The structures establish rules of the 
game for the interest groups, and policies 
emerge as elements of these structures. Certain 
characteristics of the institutional structures 
tend to lead to fractional problem definition 
and problem solution. Input orientation of 
agencies and interest groups leads to payti 
and incorrect problem definition. 

Lack of correspondence between the juris- 
dictional boundaries of agencies and the real 
boundaries of an environmental problem also 
results in incomplete problem definition. At 
the same time, solutions to defined problems 
tend to be fractionalized. This occurs because 
programs designed to combat environmental 
degradation are generated within the political 
sphere, where programs typically represent 
compromises reached in an attempt to balance 
interest among various groups. Balancing gives 
the conflicting parties a slice of the pie, even 
though it may not satisfy their originally de- 
fined interests. 

The above factors cause man’s view to re- 
main myopic and his perception narrow, even 
though his aggregate concern for the environ- 
ment has broadened. As a partial result of this 
myopic perception, increasing pressure of 
man’s activity upon the environment over 
time has recently reached a visible level. In- 
dividuals reacting to narrowly defined and 
seemingly independent interests created en- 
vironmental degradation to such a degree that 
a social problem emerged. 

A social problem has been defined as “... a 
condition affecting a significant number of 
people in ways considered undesirable, about 
which it is felt something can be done through 
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collective action” [6]. It is apparent that 
“something” can be done through collective 
action. Numerous new programs have been 
started and resources committed to combat en- 
vironmental degradation, although many of 
the programs are considered to be failures. The 
general ineffectiveness of past programs has 
led people to view the systems framework of 
problem analysis (and the objectively rational 
basis for action that it presumably generates) 
as a panacea, 


Obstacles to “Objectively Rational Action” 


As suggested above, some factors prevent the 
transfer of rational processes from the physical 
to the social sphere. These factors, although 
related, can be discussed under two categories, 
social structure and environmental perception. 


Social structure 


Social conformity and growth.—Conformity 
in perception and conformity in action form a 


. self-reinforcing feedback system. When society 


was simple and man’s needs were basic, con- 
formity was high and man interpreted human 
action on the model of nature. As society de- 
veloped and became more complex, it became 
apparent that human society differs appre- 
ciably from nature. Human activities are dis- 
cretional at a subjective level, and the motives 
behind many activities are highly varied. As 
human societies evolve, psychological needs 
become more important relative to biological 
needs. Thus conformity becomes less frequent. 
In the attempt to achieve order, if not con- 
formity, informal and formal codes of social 
relations are developed. This increases the 
complexity and heterogeneity of the social 
structure and results in an expanded range of 
interest and fractionalized institutions. 

Man uses these codes hoping to achieve “‘ac- 
ceptable” and reasonably predictable action 
patterns or order in his relationships with 
other men and with nature. An example of an 
informal code is the exhortation from Earth 
Day activities designed to instill a sense of 
social environmental consciousness and con- 
cern in the minds of the general public. It was 
argued that it is in the public interest to be 
environmentally concerned. 

A notable example of a formal code or law 
is the National Environmental Policy Act of 
1969 and the several state laws cast in its mold. 
Widespread use of formal codes in the U. S. 
makes it useful to look at the relationship be- 
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tween law and interests reflected by various 
publics. 

It has been stated that “men legislate... 
not in accordance with their opinion as to what 
is good law, but in accordance with their in- 
terest...” [4, p. 12]. Some argue that the 
law can only be out of step with the public 
interest in the short run. Others view law as a 
positive force that may influence interest and 
thus may be used as an instrument to effect 
social change. i 

The apparent decisiveness of law implies 
the existence of a well articulated social welfare 
function. If such were the case, laws would 
have potential to control conflicts. For ex- 
ample, as the ability to predict environmental 
effects of new technology is perfected,’ law 
could be used to moderate the differential im- 
pacts of new technology before a crisis and at- 
tendant vested interests developed. 

However, ample evidence shows that social 
goals are usually multi-faceted, dynamic, evo- 
lutionary, and often conflicting. Thus there is 
no master plan to guide legislative action. 
Even if such a guide existed, social consensus 
on appropriate decision criteria and institu- 
tional structure would be required. To this 
extent, a critical social problem is not reduced 
or eliminated; problem elements are left es- 
sentially unchanged, their sequence in the 
social decision process being merely altered. 

Social conflict and institutions.—As society 
has grown more complex, the potential for 
short-run conflict has increased significantly. 
An environmental quality control program 
may benefit nearly everyone in the long run. In 
the short run, it generally will have significant 
differential impacts. These conflicts provide 
the rationale for a systems approach, since such 
an approach presumably can suggest solutions 
by clearly identifying the existence and nature 
of the competitive relationships. 

However, as new dimensions and different 
elements of old dimensions are made visible, 
problem solving may become more, not less 
complex. Increased visibility may increase 
conflict and perhaps cause a stalemate, de- 
pending upon the relative strengths of in- 
terest groups associated with the dimensions 
and the effectiveness of conflict resolution 
modes. 

Since environmental conflicts are largely re- 
solved through the political process rather 


? For a discussion of technology assessment see [2]. 
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than by planners, the onus of change falls on 
political institutions. Failure to provide effec- 
tive institutional structures within which con- 
flicts can be reconciled will likely block the 
practical application of the ecosystems ap- 
proach, since this failure will result in an in- 
creased number or intensity of unresolved 
conflicts. Increased resort to the courts reflects 
the inadequacy of existing institutional struc- 
tures or informal codes. There is little room 
for optimism, since organizational reform of 
governmental institutions is very difficult and 
slow. Further, it is unlikely that the constitu- 
tional protection afforded free thought and 
speech and individual rights will be reduced 
much. 

Social perspective and science.—Concern 
for environmental quality has grown as more of 
man’s requirements for subsistence have been 
met. Today there appears to be an increasing 
concern for a new humanism and aesthetics 
and less concern for materialism and primary 
utilitarianism. Increased concern for aesthetics 
has occurred at a time when science has proved 
its ability to help improve the human condi- 
tion. 

It is apparent that science itself has signif- 
icantly affected man’s perspective. Subject 
matter specialization has increased significantly 
as science has matured. As a result there has 
been a general reduction in an individual’s 
scope of perception. As additional fields of 
specialization are defined and mature, internal 
rigor replaces external connections and de- 
pendence. 

The distinction between logic and aesthetics 
made by Whitehead [12] suggests that concern 
for the latter implies the need for a broad scale 
of perception and a concern for external com- 
position. To the extent science utilizes logic, 
it focuses on abstraction. Logic starts with de- 
tail and moves to abstract construction. 
Aesthetics moves in the opposite direction. The 
whole precedes the detail; the details emerge 
only as reasons for the whole. Thus, attempts 
to apply the logic of science may partially 
frustrate efforts to recognize and understand 
aesthetic dimensions of the environment. 


Intrinsic basis of perception 


It was argued above that man’s regard for 
the environment has evolved from a concern 
with relatively simple physical elements to a 
concern with more complex, less tangible ele- 
ments. As a consequence, the psychological 
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phenomena of perception of the external en- 
vironment have become more important. In 
general, little is known about environmental 
perception,‘ and in particular no attempt has 
been made to examine its impact on problem 
analysis and policy prescription. This section 
offers a framework for viewing certain en- 
vironmental perception elements and under- 
standing their implications for policy analysis. 

Matter-of-fact and importance have been 
distinguished as the two basic elements that 
underlie all human experience [12]. The former 
involves the notion of mere existence and is 
the basis of importance only because “‘some- 
thing” has to be important. In turn, impor- 
tance is a necessary condition of matter-of-fact. 
Out of a sense of importance certain facts rather 
than others are perceived. Without this sense 
the existence of a fact would be observed and 
discarded as being inconsequential. 

But, ‘‘a single fact in isolation is the primary 
myth required for finite thought.... This 
mythological character arises because there-is 
no such fact. Connectedness is of the essence 
of all things. ... Abstraction from connected- 
ness involves the omission of an essential factor 
in the fact considered ..:” [12, pp. 1-13]. It 
follows that when facts are considered for 
thought or analysis, one must necessarily ab- 
stract from many elements that link the facts 
to their milieu. Milieu is the relevant system in 
its relationship to the facts. Linkage between 
facts and their milieu is the critical element in 
the emergence of a particular perspective. 

Principal elements in this paradigm are man 
the perceiver, facts, milieu, the linkage be- 
tween facts and milieu, and the resultant per- 
spective. In what follows, several characteris- 
tics of the decisive linkage factor will be ex- 
amined. These include sense of importance, 
the nature. of conceptions, and scope of per- 

_ spective. 

_ ‘Sense of importance.—Acceptance of the 
importance of the linkage factor implies an 
exhaustive view of the universe. Such a view 
is denied man because of his finite mind. Never- 
theless, man understands things in terms of 
some dimensions. For comprehension, man re- 
duces the potentially infinite number of per- 
spectives to a manageable set. At the con- 
ceptual level, no perspective has to be elimi- 
nated. However, a sense of importance deter- 
mines which perspectives will dominate. Judg- 
ments about importance dictate the approach 


4 However, for some interesting insights see [7] and [9]. 
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taken to a problem and thus eliminate many 
perspectives. This is often an unconscious 
elimination, since an approach determines 


- what will be included without much hovel 


to what will be excluded. 

Sense of importance reduces perspective 
further. Since man has a limited capacity to 
command facts at a given time, importance is 
usually determined by the elements of a visible 
but often only implicitly defined objective. 
Specific objectives serve to identify the “best” 
perspective from the remaining number of 
possible alternatives.ë Given this, it is instruc- 
tive to examine some internal and external 
factors that influence formation of a sense of 
importance. 

An obvious internal factor consists of the 
aggregate of elements tbat make up the initial 
state or disposition of the perceiver. This set 
of elements includes, for example, past experi- 
ence, knowledge, values, beliefs, and organiza- 
tional and personal commitments. Objective 
visibility is another important internal factor. 
This is largely defined by feli (and to a lesser 
degree, anticipated) impacts of the existence 
or change of some factor in the environment. 
Since environmental degradation often in- 
volves benefits and costs borne by different 
groups, sense of importance to a given group 
may be restricted even further. 

External factors have an equally important 
impact on the formation of objectives, though 
often ignored. Such factors tend to move con- 
cerns from abstract principle to practical issue. 
One important external factor is the articulated ' 
or anticipated objectives (and thus perspec- 
tives) of other groups relevant to a problem 
situation. Another is the institutional struc- 
tures (largely political and legal) through which 
objectives must be sought. 

Implications of the above discussion are 
many. It is apparent that there are few com- 
mon denominators in the development of a per- 
spective. There are no normalized choice cri- 
teria such as those generated by the market in 
the economic sphere. The internal visibility’ 
factor coupled with the two external factor 
mentioned suggests that objectives are dy 
namic functional concepts. They are not auto 
matic but emerge out of an interaction o 
factors. This helps explain the superficiall 





















ë The correspondence between this paradigm and th 
production possibility model of economic theory is appar: 
ent only. There is no reasonable counterpart to marke 
generated choice criteria for determination of an unam 
biguous “best” position. 
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contradictory positions often taken by interest 
groups (e.g., conservation groups) on a given 
environmental issue in different places or times. 

This discussion also helps one understand 
the effect of a restricted conception of relevance 
imposed by, for example, a focus on inputs or 
physical change rather than on outputs or 
social impacts resulting from change. Although, 
conceptually, nothing prevents several alterna- 
tive perspectives consistent with a particular 
objective from being identified, a focus on 
inputs often precludes such an outcome. Note 
the difficulty the Corps of Engineers experi- 
enced in recognizing nonstructural means of 
providing flood protection. 

The nature of conceptions.—The abstraction 
from connectedness required for understanding 
also tends to lead to static conceptions where 
problem elements are viewed in a static phys- 
ical, spatial, and temporal structure. This in 
turn leads to the tendency to view the fact- 
milieu couplet in terms of static attainment. 
This view suggests that the existing structure 
constitutes an immutable constraint and thus 
is infinitely costly to alter. 

In contrast, the dynamic view is couched in 
terms of attainability. However, the focus 
often uses future static states as desired end 
products. Effort is thus concentrated on de- 
fining alternative states in terms of—perhaps 
Pareto—optimal conditions. Little thought is 
given to how to make the move from the pres- 
ent to the future state and whether the change 
itself meets criteria for optimality. The latter 
point is ignored when the analytical model 
used conceives policy planning as an abstract, 
objective process. Most traditional economic 
models do just that. 

Sometimes an attempt is made to introduce 
a dynamic dimension into facts conceived 
within a static framework. In such cases, the 
future is projected in terms of the present static 
state. Often the practical end result of this ap- 
proach is to assure continuance of a present 
perhaps undesirable state since fyture needs 
are planned and provided for on the basis of 
such projections. 

Scope of perspectives—-Man’s point of view 
influences the nature of his reaction to the en- 
vironment. Well defined points of view are 
essential for understanding and for scientific 
method, but they are not costless. Abstraction 

















ë For an example of how such demographic projections 
adversely affect population policy’and thus environ- 
tal quality, see [8]. 
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from connectedness permits clear classifica- 
tion; it also renders any point of view “‘rel- 
evant” since each part becomes a whole or an 
“end.” Points of view involve the notion of 
composition and range between two polar 
positions—internal and external composition 
[10, 12]. Internal composition refers to the 
thing itself. Analysis at this scale makes evi- 
dent why the thing is what it is. An example is 
the conception and analysis of the water re- 
source at the molecular level. 

In contrast, external composition involves 
conceiving the thing as a unity and focuses on 
its relationship to other elements of its environ- 
ment. An example is the conception of the water 
resource in terms of units of flow capable of 
transforming or being transformed by the 
adjacent environment. 

Abstraction from connectedness in a general 
way diverts sense of importance away from the 
interfaces between classes. Inquiry at these 
interfaces thus tends to be difficult to carry 
out and difficult to sell. Even when two sub- 
systems (say Sı and Sz) are recognized as being 
serially linked, the tendency remains to view 
the output boundary of Sı as the decisive in- 
formation mechanism for the system rather 
than the input boundary of S+. This helps ex- 
plain why certain water quality programs focus 
on water quality per se with little reference to. 
water usage and result in program confusion 
and inefficiency [3]. 

A problem also exists when an attempt is 
made to relate essentially similar points of 
view from different environmental dimensions. 
For example, the physical regimen of a water 
course may become more clearly defined as it is 
traced from a reach to a watershed to a river 
basin. However, the fact that a problem is 
analyzed within the context of a river basin 
rather than a small reach of the river does not 
imply that social or economic understanding 
will increase. Things are often not what they 
seem; there exists a fallacy of composition. 
Physical rationality does not necessarily lead to 
social rationality. 


Conclusions 


The general complexity and pervasiveness 
of environmental quality problems has led 
many people to conclude that rational solu- 
tions can be generated only by using a systems 


. approach to problem analysis. The typical ap- 


proach is to build systems models based pri- 
marily on physical parameters and to treat 
elements in the social sphere as being intelligible 
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through the same rational processes as applied 
to the physical sphere. 

It is acknowledged that a holistic approach 
can help to identify competitive relationships 
relevant to environmental degradation prob- 
lems. However, operational solutions within a 
fundamentally democratic social context re- 
quire explicit recognition of something more 
than what is required for a synoptic rational 
deductive solution. Several social institutional 
elements and psychological perception ele- 
ments were identified as leading to an ad hoc 
or piecemeal perspective at the operational 
level and thereby running counter to the ra- 
tional holistic perspective generated within the 
conceptual framework. 

A principal conclusion is that one can expect 
a diversity of perceived “rational” perspectives 
and thus solutions to environmental problems. 
There will continue to be a wide range of opin- 
jon on environmental problems with continuing 
and even increasing discord among competing 
groups. 

There is little reason for optimism about the 
development of a unified public interest with 
respect to the environment. Public interest is 
actually a multiplicity of private interests. 
Each is typically narrow in scope and has a 
specific public behind it. Recent federal and 
state agency effort to increase public par- 


ticipation in resource and environmental plan- 


ning will likely do more to democratize the 
planning process than to generate objectively 
rational bases for environmental policy de- 
cisions. 

The potential for conflicting perspectives in- 
creases more than proportionately with the 
number of interests reacting to specific problem 
elements. The explanation of this conflict is 
usually put forth in terms of the “fact” ele- 
ment. That is, it is usually concluded that if 
people knew the facts, conflict would disap- 
pear. This is the rationale for a public par- 
ticipation/education program. However, dis- 
cussion of the fact-milieu couplet plus the as- 
sociated linkage factor suggests that clarifica- 
tion of “the facts” need not lead to harmony. 
Relevant facts are perspective specific, and there 
is no single, rational perspective based on 
“the facts.” 

A réal need is to help achieve unanimity 
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without strict conformity. An ideal economic 
market system generates such a result. Environ- 
mental decisions, however, are not generated 
within such a system. Many economists have 
concluded that relevant social institutions 
should be transformed to correspond to an 
idealized market structure or at least they 
should be modified to yield market-like solu- 
tions. Thus, in effect, what was once a means 
becomes an end. Resistance to such envisioned 
social structure changes suggests that the po- 
tential cost of efficiency as an end is quite high 
to those affected. Cost is in terms of other 
highly valued private and social means and 
ends. An element of cost also falls on the ad- 
vocates of efficiency to the extent that their 
concerns receive only meager consideration in 
practical policy prescriptions. 

This suggests that economists could benefit 
from considering a perspective different from 
the one generated from the traditional, rather 
limited market-oriented perspective. Such a 
perspective would entail direct inquiry into 
traditionally defined, irrelevant, but practically 
inextricable elements in the social institution 
and psychological perception dimensions dis- 
cussed in this paper. This would involve the 
development of a theory of choice and conflict 
resolution outside the assumption of a well 
functioning market structure. It would involve 
inquiry into many presently gray areas, in- 
cluding extra-market values, individual and 
social value theory, interpersonal (group) com- 
parison problems, oligopolistic strategies, and 
positive sum games. Further, the refinement of 
an operational and analytical institutional 
economics appears to hold considerable promise 
as well as the possibility of increased inquiry 
at the interface between economics and other 
disciplines including psychology, sociology, 
political science, and ecology. 

Some will argue that economists have no 
particular expertise in these areas and therefore 
should not venture outside the traditional 
boundary. However, in relation to many other 
disciplines, economics has a broad and well 
articulated theory and fairly well refined tools 
that could prove useful in extending existing 
knowledge for the solution of many environ- 
mental quality problems. 
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A Short-Run Price Prediction Model for Eggs 
. Baw R. Muren anp Geng C. Masters 


The volume of eggs traded in open markets is extremely small relative to total volume of eggs 
produced. One result has been criticism that current price quotes are formed from insufficient 
information. The model presented here projects a current quote based on information from a 


national sample of producers. 


FTER World War II the egg industry 
A began an evolution that rapidly moved 


.. its marketing structure away from use 
of terminal markets where many buyers and 
sellers could discover price. Many integrated 
firms now move eggs directly from farm to re- 
tail store. Large volumes of trading take place 
in private negotiations that furnish no price 
information to the industry concerning the 
forces of supply and demand. 

As a consequence, price quotations based on 
trade in the New York Mercantile Exchange or 
based on private quotations of trade in ter- 
minal and other markets were criticized as being 
formed from insufficient information and were, 
therefore, subject to manipulation. The prob- 
lem of collecting data from the Exchanges was 
expressed most succinctly by the Urner Barry 
Company in its effort to remain the prime 
source of price quotations: “By checking on 
buying interest, offerings and mainly by will- 
ingness to pay premiums or willingness to re- 
duce premiums or discount we acquired an in- 
dication of value in addition to the trading on 
the Mercentile Exchanges. While this enabled 
us to better determine our quotations, the 
process has deficiencies. Mainly it is a dialogue 
between two people and only the reporter has 
the complete picture. It is not possible to ap- 
praise all of the entire input and indeed the 
reporter wishes at times to protect his sources 
of information. Consequently, there is mis-. 
trust or lack of understanding at times because 
all cannot see exactly what provided the back- 
ground for that particular day’s market, or 
market trend” [4]. 

Criticism reached a peak following the clos- 
ing of fresh egg trading on the Chicago and 
New York Mercentile Exchanges in April 1970. 
Many egg producers felt that egg trading on 
the Exchanges was used primarily for the pur- 
pose of influencing egg price quotations.! 


1 An excellent review of egg pricing is presented in [3] 


Bur R. Murer és associate professor of agricultural 
economics at the University of Georgia, Athens. GENE C. 
Masters ts execuftve director of United Egg Producers, 
Adania, Georgia. 
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Long before the close of fresh egg trading on 
the Exchanges, egg producers began to organize 
in an effort to increase marketing efficiency. 
One of the first efforts came when egg producers 
in the Southeast formed the National Egg 
Company in 1966. One of the primary func- 
tions of the organization was to exchange eggs 
between producers in the region to prevent an 
unnecessary -flow of eggs to the northeastern 
market where they would have a depressing 
influence on prices. In 1968 United Egg Pro- 
ducers (U.E.P) was formed to represent egg 
producers on & national basis. In addition to 
National Egg Company, this organization in- 
cluded five other regional organizations? Thus 
it was possible for a group of egg producers to 
have unified voice in dealing with marketing 
problems. 

Research in the construction and use of a 


‘-producer’s price series and in price projection 
proj 


for U.E.P. members was begun early in 1970, 
The National Egg Price Study Committee sug- 
gested in May 1970 that Urner Barry combine 
information with United Egg Producers to 
avoid duplication and improve the pricing sys- 
tem. This paper describes the U.E.P. system 
and presents an analysis of the theoretical 
framework and effectiveness of the system in 
projecting prices. 


A Theoretical Supply and Demand Framework 
to Explain the Dynamics of Price Determi- 
nation within a Current Trading Period 

Supply 
Fresh’ commodities such as eggs are perish- 





in which Rogers comments on the study reported here, 
“Statistical models, coupled with automated data handling, 
give promise for improving short-run price prediction and 
minimizing reliance on subjective judgment in determining 
base price quotations. With the notable exception of the 
United Egg Producers, there has seemingly been a great 
reluctance on the part of the industry and private and pub- 


. lic agencies to make use of predictive models.” 


1? Members of United Egg Producers were: (1) Northwest 
Egg Producers, NWEP; (2) Western Egg Company, 
WECO; (3) Southwest Egg Producers, SWEP; (4) Midwest 
Egg Producers, MWEP; (5) National Egg Company, 
NECO; and (6) Northeast Egg Marketing Association, 
NEMA. 
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able and as such may be expected to have an 
inelastic supply response within some period. 
Within a trading period of three to five days, 
however, more elastic supply curves are the 
expectation for the following reasons: 

1. Within three to five days, fresh eggs are 
easily placed in storage so that suppliers do 
have options to offer more or less at the same 
or small changes in price. Furthermore, in- 
ventories are not likely to be depleted within 
this short period. ; 

2. Because of uncertainty, the price dis- 
covery process takes time. Eggs not moved in 
normal channels cannot easily be diverted to 
terminal or other markets, and price may stay 
at a given current level for a time while sellers 
explore alternatives. At the current level, sup- 
pliers usually try to satisfy the current needs 
of buyers. Even though amounts demanded are 
somewhat greater or less than expected, they 
are likely to be filled at small changes in price 
simply as a means of maintaining good relation- 
ships and a steady flow of trade over the long- 
run. 

The supply curve in question represents the 
offer of the supplier to fill orders of varying 


amounts at his expectation or understanding . 


of the current market price. This behavior is 
expressed quantitatively in Equation 1. The 
structural form of a similar supply function has 
been used in several previous studies (see [1, 
2]). In Equation 1, quantity offered, qa, in the 
current period is a function of current expected 
price X,*. 


(1) qa = Bot ByxX* + Uy 
where ?=1,---, 7. 
(2) & = Bi + a(X. - Xai) + Xen. 


The second equation is behavioral in that it 
defines expected price to be equal to price in 
the previous period corrected by a constant 
Bı and the coefficient, (a), multiplied by the 
change in current market price from the pre- 
vious observed price. 


Demand 


In the very short run the demand for eggs, 
as well as for many food commodities, is ex- 
pected to be inelastic. Current consumption of 
staple items such as eggs is dependent on habits 
and customs not easily altered by day to day 
price changes. On a given day the consumption 
of eggs is likely to be constant over the range 
of price changes ordinarily observed. Thus, for 
a price projection model in the very short run, 
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demand may be assumed to be exogenously de- 
termined by forces other than those that de- 
termine current market price. 

Although exogenously determined, demand 
Or gat, is an unknown quantity to suppliers in 
the very short run and is a principal source of 
uncertainty in determining the offer price, 
X;*, consistent with the current supply. Given 
Equation 2, X,*, and thus gs, could always be 
determined exactly except that X, is simul- 
taneously being determined by the behavior of 
sellers interacting with an unknown current 
amount demanded. That is, in forming his ex- 
pected offer price, the seller must simultan- 
eously form an expectation about current 
quantity demanded by buyers, ga. He expects 
in determining an offer price that gas, or market 
demand, is equal to ga: which is the quantity he 
will supply at the expected offer price, X,*. 
However, ga: is not known with certainty until 
the end of the current period so that an ex- 
pectation must be formed about the exogenous 
level of qar. If this expectation is called ga:*, the 
following structural model of equilibrium ex- 
pectations and market price can be formed. 


(3) ge = Bot BiX* + m 

(4) f= B: + aX — X) + Xm 
(5) gas — qu = 0 

(6) gat* — gar = 0. 


The variable ga: is not ordinarily known dur- 
ing the trading period, and qa;* is not observable. 
What is observable, and often quoted in the 
egg industry, is the estimated difference be- 
tween expected demand and the current de- 
mand being served. This difference, ZS, will be 
positive or long when expected demand is 
greater than actual demand and negative or 
short when expected demand is less than the 
actual demand that occurs in the current 
period. Thus 


(7) ga — gar = LS or 


The same forces that exogenously determine 
ga: in the very short run are at work on the 
seller to determine ga:*; therefore, LS is an 
exogenous variable that is observable, and 
Equation 7 may be used to replace the un- 
known qas in the structural system of equa- 
tions. The system thus becomes: 


(8) Qat = Bot Bix + ki 
(9) Xë = Be+a(Xi— X) + Xm 
(10) (qac* = LS) — lu = 0. 


qa = qa* — LS, 
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Figure 1. Price determination within a current trading 


period 


If LS is zero in this system, then ga=qa* 
=g, and the actual price that occurs in the 
present period will, in fact, equal the expected 
price. The supplier will have offered a price 
and a quantity just consistent with what the 
market was willing to take. Current price is 
thus endogenously determined by interaction 
of current expectations, the behavioral offer 
curve, and inelastic demand as shown in 
Figure 1. 

In Figure 1 the expectations of price and 
market demand are obviously not in equi- 
librium. Finding that ga:—ga:* is not equal to 
zero, the supplier is short, given the offer price 
of x,*; but because of short-run flexibility in con- 
trolling supply, he will offer additional sup- 
plies, LS, to meet the current demand and will 
bring offer price X;* up to X. Long situations 
will likewise indicate lack of equilibrium in ex- 
pectations and are given an inverse interpreta- 
tion. 

The system of equations in (8), (9), and (10) 
thus contains three endogenous variables, 
Get, Xe", and X: whose equilibrium values are 
determined simultaneously. The reduced form 
equation for X, becomes a price prediction 
equation in which current price is a function 
of current expected quantity demanded, last 
period price, and long-short positions in the 
current period. 


(11) Xt = f(gar*, Xt-1, LS). 


Equation (11); however, leaves much to be 
desired as a price prediction equation as it 
contains both gat and ZS on a current basis. 
Apparently, current prices are difficult to pre- 
dict for the same problems of incomplete 
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knowledge that give rise to the requirement for 
expectations by sellers in the structural model. 

The approach taken in this study was to 
create an information system with sufficient 
coverage of the market and with sufficient 
speed that it would yield data on LS sufficient 
enough to be called current and would also 
yield accurate weighted average values of 
Xz, at the farm level. If sample data can be 
gathered and compiled on a current basis, 
then perhaps estimates from the reduced form 
equation describing current price will be re- 
liable as a measure-of predicting the current 
level of price before it becomes apparent at the 
end of the current period. Sampling, rapid relay 
of data by telephone, and instant analysis by 
a simple computer program are thus the in- 
gredients of a short-run price projection pro- 
gram. 


The Egg Price Projection Program 


Price analysis and projection were made us- 
ing a program stored on a small remote com- 
puter terminal. Logic and use of the program 
are defined as follows. . 

Sample data were received by telephone 
from the central office of United Egg Producers. 
The most recent producer price and quantity 
moved at that price were obtained from a 
sample of producers and handlers in each of 
six major egg producing regions, Figure 2. 
Producers and handlers supplying the data 
from U.E.P. are estimated to furnish 50 percent 
of the supply of eggs in the U. S. Sample data 
received were (1) the previous week’s prices 
and quantities for large, medium, and small 
eggs, F.O.B. at farm, without packing ma- 
terials, and (2) the long or short position of 
each region on the day reported for large, 
medium; small sizes, nest-run gradable cur- 
rent receipt eggs, and nest-run ungradable cur- 
rent receipt eggs. Each U.E.P. regional office 
was requested to assemble information. It was 
felt that regional offices would be close enough 
to producers both to obtain the information 
and to check its validity. The sample included 
both large and small producers and covered 
the geographical areas of the region as uni- 
formly as possible. Regional managers were 
given the responsibility of verifying that the 
net surplus or shortage position reported repre- 
sented the net result of actual bids to buy and 
offers to sell the product. Regional offices were 
instructed to check the accuracy of prices re- 
ported to them by observing to see if any 
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Figure 2. Regional Egg Marketing Cooperatives that were members of United Egg Producers in 1971 


prices appeared to be out of line with what 
was expected. and by checking with both 
btiyers and sellers to verify the accuracy of re- 
ported prices. a 8S 

The first calculation -on the data was the 
weighted average price received in each region. 
On the assumption that consumption per region 
was directly related to population, the popula- 
tions of Regions One, Two, and ‘Three. were 


used as weights to calculate western. sectional - 


average prices per sizes of egg.? Populations in 
Regions Four, Five, and Six were used as 
weights to calculate the eastern prices‘ 
Sectional prices were the, basic series of prices 
used in linear regression analysis of the reduced 
form, Equation (11), and were the lagged 
prices used in price projection. In August 1970 


the reduced form projection equations were es-' 


timated as shown in Table 1. 


The relatively high R? values and significant ` 
regression coefficients in the reduced form 


equation supported the hypothesis offered by 


the structural equations. Also, the signs of the | 


3 Percents of West Populations as Weights in Regions 
One-Three were: Region One weight, .3107; Region Two 
weight, 3051; Region Three weight, 3842. $ 

‘Percents of East Populations as Weights in Regio 
Four-Six were: Region Four weight, .3402; Region Five 
weight, .3742; Region Six-weight, .2856. cere 


coefficients relating past period price and long- 
short positions to current price were the same 
as would be expected in an a priori examination. 
of the model. Signs of regression coefficients for 
past period price were positive in the equation 
for both East and West sections, and the signs 
of long-short were negative in both equations. 
The coefficient of long-short was not signif- 
icant in the West, but this may have been as. 
sociated with the possibility of dumping long 
positions into military and Eastern markets. 
Predicted prices per section were used to 
predict prices per region on the assumption 
that regional differences in current prices 
would prevail; i.e., in the very short run no 
structural changes were expected between re- 
gional market areas. Therefore, the difference 
between current ‘sectional price and current 


‘price in each of its régions was calculated, and 


the predicted regional prices were the pre- 
dicted section price plus or minus the last ob- 
served differences in weighted average prices. 

Finally, the national average price was pre- 
dicted as the weighted average price of East 
and West sectional prices. Again, population 
was the weighting factor. - 


* The proportion of population living in the western 


- section was .177; the proportion living in the east was .823, 
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Price projection equations for shell eggs at farm level* 
~. Regression Coefficients of Explanatory Variables 
‘Section and 
` Egg Size Constant ; 
Term’ Xa LS R S.E. 
; (cents/doz.) (000 cases) _ (cents/doz. ) 
East—Large- 2.917 .9393 : 96 2.0 
(23.7)b (3.56) 
East—Medium 2.797 .9234 .9008 .96 2.2 
- (25.1) (3.80) 
East—Small 2.165 .9075 1.2890 .96 2.2 
(23.3) (2.24) 
West—Large 2.001 -9361 .0767 -93 2.7 
(18.5) (1.01) 
West-—Medium 1,593 .9228 .0556 94 2.7 
(19.2) (0.39) 
West—Small 1.159 .9243 8547 .96 2.0 
(1.68) 


(25.1) 





« Based on 27 weekly observations, Spring 1970. 
b Numbers in parentheses are “Student’s” #. 


Performance of the Model 


The reduced form projection equations did 
not contain current expected quantity mar- 
keted as an independent variable on the as- 
sumption that this data cannot be collected on 
a reliable basis. Thus, including only previous 
period prices and current long and short data 
will introduce a specification bias. In the re- 
duced form for X, the coefficient of qai" is 
_ 1/œBı: Thus, on the assumption that a, and 

Bi are greater than zero, the absence of the 
_ variable ga;* from the reduced form should im- 
part a negative bias to the projection as its 
positive effect is not considered in estimnation. ` 

Empirical analysis verified that prices pre- 
dicted by the model were ‘significantly less 
than prices collected from firms in the sample. 
` The average predicted price in each series 

among 18 sets of data was in every instance 


Table 2. 





lower than the average ‘price that actually 
occurred (Table 2). Data in Table 2 represent 
approximations to the amount of downward 
bias that existed at the mean. The mean of all 
prices predicted for médium -eggs was sig- 
nificantly different from prices occurring, as 
were mean prices of large eggs in Regions One, 
Three, and Five. 

In -some instances the projected prices did 
not meet structural requirements that might 
characterize a multiproduct regional trade 
model for eggs. For example, prices in other 
regions of the country set limits on the extent 


` of price change in any one region. The price 


of one size also acts as a restriction on price 
changes of other:sizes of eggs as prices are not 
completely independent. Thus, even if there is 
a shortage of medium eggs and a surplus of 
large eggs, medium eggs would not be sold at 








Amount that actual average price in the 42 week prediction ical aixcbeded average 
predicted price in six regions for lange, medium, and small eggs, August 1970 to 
May 1971 
: Region ; 
Egg Size x 
$ One.: Two Three Four Five Six 
(cents per dozen) : 
Large .417* 51 .23* 15 .22* AL 
Medium .67* > .67* . 62" .50* .80* .67* 
Small 51 60 47 .02 21 .05 











* Average predicted price was significantly different from price occurring by use of “Student’s” t-test, 
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higher prices than large eggs because of the 
possibility of substitution for many uses. Prices 
of large and medium eggs seldom move closer 
than four cents apart. Prices in one region 
should also be limited from going below the 
price of the same product in another region 
less transfer costs. Table egg prices should also 
be restricted from going substantially below 
the value of the same product for breaking 
purposes. These concepts were applied ex post 
to the reduced form estimates in recognition 
that a more appealing approach for future 
work would be to incorporate them into the 
initial structural model. 


Summary and Conclusions 


Despite the fact that there was supporting 
evidence for the structural hypothesis, the 
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standard errors of estimate of two to three 
cents in the projection equations are too high 
for good prediction. Additional work is needed 
to create a model that examines effects of 
seasonal production and inventory on the sup- 
ply curve of marketing cooperatives and the 
marketing margin relating farm price to prices 
of graded and packed eggs. Furthermore, the 
structural model should be more complete with 
respect to substitution among egg sizes, com- 
petition with egg breakers, and equilibrium 
among trade regions. But finally, the standard 
errors are measured with respect to a price 
quotation system still subject to criticism. If 
prices are in any manner a function of the 
present system of quoting prices, then it is 
doubtful if the model can be improved. 
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United States, European, and World Demand - 
Functions for Coffee* 


A, PARERE 


Import demands for coffee are estimated with single and simultaneous equation techniques 
for the United States, Europe, and Rest of the World. Predictions were made for the years 1969, 
1970, and 1971 with the help of estimated relations; the predictions were compared with actual 


world import demands for these three years, 


for a series of coffee import demand func- 

tions based on quarterly data for the 
1958-1968 period. Annual import demand 
functions for the United States are attempted, 
and similar functions are estimated for the 
imports of coffee by Europe! and the Rest of 
the World. Also, world imports of coffee are 
separately estimated from a world demand 
function. Variations in import demands for 
coffee in the United States are explained by 
variations in inventory demands, and income 
seems to play a negligible role in determining 
coffee consumption. 


Single Equation Models of U. S. Demand 
The import equations are of the simple form: 


(1) log I, = a + blog S, + bs log Pur + log U: 


where J; is the total imports of coffee for the 
United States expressed in terms of quantities 
(tons), Są is the level of stocks or inventory 
holdings at the end of the quarter reflecting the 
demand for inventories, Py: is the average 
import unit values? constructed on the basis of 


Í N THE present paper estimates are presented 


* This study was initiated while the author was on the 
staff of the International Monetary Fund. The views 
expressed are those of the author and should not be inter- 
preted as those of the International Monetary Fund. The 
study has been completed at the University of East Anglia, 
Norwich. 

1 Europe includes all EEC countries, EFTA countries, 
Spain, Ireland, Finland, Greece, Turkey, and Iceland. The 
Eastern European countries are excluded. 

2 Lovasy [6, p. 24] has obtained a negative income elas- 
ticity for the U. S. This result is not because coffee is an 
inferior beverage but because the saturation level has been 
reached. Hughes [5, p. 913] has obtained a negative sign 
of the income coefficient. This result implied that coffee as 
an inferior beverage was displaced by one or more beverages 
such as alcoholic beverages appropriate to higher per capita 
incomes. 

3 Import unit values are not expressed in terms of index 
numbers. They are total value of imports divided by total 
quantity of imports. 





A. Parixu is a reader in economics at the University of 
East Anglia, Norwich, England. 
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‘monthly data for the quarters, log U; is the 


stochastic disturbance variable and was as- 
sumed to be normally distributed with zero 
mean and finite variance, and 6, and & are the 
elasticities with respect to atoe and world 
import unit values. 

The hypothesis that consumption i is a stable 
function of income and that variations in im- 
ports are due to variations in inventory de- 
mands was empirically tested. Imports are 
definitionally equivalent to consumption plus - 
changes in stocks. 

Both seasonally. adjusted and unadjusted 
data series were used. The Census Bureau 
X-11 procedure was used to produce seasonally 
adjusted quarterly series of relevant variables. 
In both cases the income variable does not play 
any significant role in explaining variations in 
quarterly demands for coffee. However, the 
elasticity of import demands with respect to 
inventories turns out to be statistically sig- 
nificant in all cases. 

The static model (1) and its alternate form 
with an income variable have certain limita- 
tions since all the response to changes in in- 
come or stocks are assumed to be instantaneous. 
Therefore, a dynamic model was tried that 
considers both short-run and long-run impacts 
on endogenous variables. One of the dynamic 
forms tried was: 


log I, = ah + b1) log Si + b2 log Pure 
+(1 — d) log Ii +A log U.. 


For the estimated equation (2), the adjust- 
ment coefficient was statistically insignificant 
and the value of \ turned out to be greater than 
unity (as estimated, 1—X was negative). 
Short-run elasticities with respect to prices and 
inventories turned out to be —0.32 and 0.28, 
respectively. The residuals were serially cor- 
related.* These results are presented in Table 1. 


4 Durbin-Watson ratio statistic d is biased upward when 
there are lagged dependent variables in the equation. 
Durbin’s A-statistic [2, p. 415] cannot be used as nV(Q)>1 


(2) 
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Table 1. Estimated coefficients of U. S. import demands for coffee, quarterly data 1958-1968 

; Regressors 
Coi Constant SEE in 
eries log Im log Si log Prt be Bett A De De De Pa) percent DY DF 

Seasonally 3.4170* 0.2314 0.2818" —0.3266* 0.3020 3.93  1.227%¢ 39 
Adjusted (5.1690) (1.3710) (3.4670) (2.1710) 

Seasonally 3.8630* --0.0781 ~—0.4215* 0.0814 0.1280 4.39 1.684¢4 38 
Adjusted (4.7040) (0.4070) {2,4980) (0.8250) 

Unadjusted 3.9810* —-0.1412 —0.2185* 0.0427 —0.0124 —0.0431" —0.0488* 0.2110 4.50 1,6950%4 35 

(4.9460) (0.7300) (2.4210) (0.8240) (0.4860) (1.8340) (2.2450) 








7 t Dr De aad Dare significant at 5 seasonal iiaa level. 
Dı Di Oe ar 
Relative] 


© Sertally yR residuals; the test is not strictly valid as there are lagged dependent variables. 


d Aestatistic not posalble; 


hel—id 





1- nV (u) 


where Pw igtheestimate of variance of p, and pis the coefficient with respect to lagged dependent variable, and dis the Durbin-Watson ratio statistic. 


A dynamic model attempted by Houthakker 
and Taylor [4] and Houthakker and Magee 
[3, p. 120] was estimated. A distinction be- 
tween actual imports and desired imports was 
made, and actual imports were assumed to 
adjust to desired imports according to the flow 
adjustment equation. 


ðlog I: 
ðt 





(3) = Bllog Z — log I] 


where £ is a parameter determining the speed 
of adjustment. Desired imports were specified 
as 


(4) log lit = yo + y1 log S: + v2 log Pur 


where S; and Pui are stocks at-the-end-of the 
quarter and average quarterly prices, respec- 

_ tively. As shown in [4], these structural equa- 
tions can be approximated by 


No + Aa log Ie 
+ Aa(log S1 + log S:) 
+ As(log Pori + log Pwr) +g: 


where S; and Pe: appear as moving averages 
over two periods with short-run elasticities 
M and às. Estimates of coefficients yı and yz can 
be worked out 


log I; = 
(5) 


2s 
1— 








yi = and yı: = » and 


I= 


yı and y: may be interpreted as long-run 
elasticities. The results presented in Table 1 in- 





where V(u) is the estimated variance of the coefficient 
associated with the lagged dependent variable, u=1—n, 
and # is the number of observations in a given sample. 


dicate that short-run price elasticities of im- 
port demand are statistically significant while 
those for stocks are not. The short-run elas- 
ticity of demand with respect to price turns 
out to be —0.22 from the unadjusted series 
while it is —0.42 from the seasonally adjusted 
set of data. This latter estimate is inconsistent 
with the lower annual elasticities, and it is sus- 
pected that the adjusted series tends to over- 
estimate the price elasticity. The Census 
Bureau X-11 procedure applied to all series to 
remove seasonality might have eliminated the 
causal contribution of price variable in ex- 
plaining quarterly variations of import de- 
mands. This is‘seen by comparing the R?’s of 
the adjusted and unadjusted series in Table 1. 
United States import demand equations from 


‘quarterly data indicate the short-run behavior 


of imports.’ It is shown that price plays an 
important role in influencing the imports of 
coffee by the U.S. 


Imports by Other Countries 


Coffee imports for a composite group of 
European countries have increased from 23 
percent to 45 percent of world imports during 
the period 1948-1968. This is probably be- 
cause coffee drinking has not reached a satura- 
tion point in Europe. Improvement in imports 
exceeded the rate of population growth so that 


5 Some of the variables like stocks and prices may move 
together in the annual model and may increase the danger 
of multicollinearity while random factors such as weather 
will be more prominent in quarterly analysis. Stocks during 
the fourth quarter will normally be high because this is 
the harvesting season in most parts of Latin America and 
Africa. Results of annual import demand functions for the 
U. S. are not presented here; any interested reader can ob- 
tain them from the author. 
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l Table 2. Estimated coefficients of import demand functions for Europe, 1950-1968 annual data 
E f Regressors 
panee of SEE 
ependent Constant GNP in 1958 Market aa R ` DF D 
Variable Prices in Billions  Deflated ` Undeflated percent PW 
of U. S. Dollars aci wet 
Imports 19.9400 3.4170" —3.8400* 0.9950 . ` 16 2.260 2.344 
(tons) (0.2820) (24.6680) (6.1660) (very high)? . 
Trend eliminated = — 1.9840* . —2.5260* 0.6450 16 17.500 2.8254 
imports (5.2890) ; (3.5620). (17.3380)> 
Trend eliminated  — 2.4730" —2.6220* 0.6350 16 17.800" 2.7584 
imports (5.7280) 3 -4470) (16.6260) 
* Statistically significant at 5 percent level. 
* Deflated by the GNP price deflator only. 
b F value. 


e Absolute standard error of the estimator. 
4 Test indecisive for negative serial correlation. 


on an overall basis per capita consumption 
` moved upward.’ The principal factors respons- 
ible for high growth in imports may be income, 
declining relative price of coffee, and a general 
trend effect toward the levels of consumption 
in the United States. As the trend in GNP” at 
1958 prices and time-trend was highly corre- 
lated, it was decided not to use both explana- 
tory variables. The income and price elasticity 
of demand computed at mean values for a 
linear demand function .were 1.1580 and 


—0.1797, respectively. The income elasticity ` 
seems to be overestimated. This result is prob- 


` ably due to the general trend effect being con- 
founded with the income effect.’ ' 

As the European population has increased 
and consumption of coffee has increased along 
with income and other effects, the trend effect 
is. very strong in all series. Data on per capita 
income were not available, and therefore a gen- 
eral time-trend was eliminated from each of the 
time-series. The linear model yields a short-run 
marginal propensity to import and a marginal 
coefficient with respect to deflated prices where 
GNP price deflator is used for adjusting the 

_coffee prices. All the results are presented in 
. Table 2. 

The share of imports excluding the U. S. and 

` European countries accounts for about 10 pet- 

cent of total world imports. Two of the major 

* Sweden continues to maintain its position as the leading 
coffee consumer in the world with a rate of. 28.4 pounds 
per capita consumption while it is 4.53 pounds for European 
countries and 14.6 pounds for the U.S. 

1 Data on disposable income for all European countries 


are not available, and therefore data on -gross national 
product have been used. 


importing countries in the Rest of the World 
group are Canada and Japan. Imports of the 
Rest of the World may be determined by a gen- 
eral trend effect and prices. Trend measures the 
effect of rise in population, rise in income, and 
increased coffee consumption in total. The esti- 
mated equation with import prices and trend 
variable is presented below: 


(6) log I, = 2.7440* — 0.3562* log Pus 


(23.7330) (5.1300) 
+ 0.0123*¢ 
(9.9950) 
R? = 0.8910 SEE = 7.04% 
DW = 0.958. 


The errors were serially correlated, and so the 
equation was re-estimated by Cochrane-Orcutt 
iterative procedure [1] as follows: 


(1) log I, = 0.3330 — 0.0602 Pi, + 0.0222*¢ 


(3.6078) (0.6599) (6.8202) 
. R? = 0.7251 
SEE = 3.30 S = 0.6939. (S is auto- 


correlation coefficient) 
DW = 3.0657 (negative serial correla- 
tion). 


A Simultaneous Equations 
Model and Estimates 


The world price was considered to be pre- 


‘determined. Import demands for the United 


States, Europe, and Rest of the World were also 
estimated by a simultaneous equations model 
in which prices and regional import demand 
were classified as endogenous variables. A con- 
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Table 3. Two-stage least squares estimates of regional imports for the period 1950-1968 














Second Stage Regressors p ; 
Dependent R: SEE 
Variable Constant — g P RS: RP RGNP I percent PM 
t wt t wt t f og Pit 

Ip 1293,0000* 1.3280"  —6.0440° 0.7780 4.0860 1.29508 
(USA) (10.5040) (4.1250) (3.3320 (32.5390) š 
RÈ ‘ 1.2930" —4.1610 0.5870 50.90003 1.4300° 
(U.S.A) (4.1400) (1.6850) (13.8040) 
RIP —2.4030* 1,7280° 0.5620 14.50004 2.82908 
(Europe) (2.6950) (4.2270) (12.5450) 
log ig 2.4520° 0.0156" —0.1824 0.9410 5,4050 
(Rest of the World) (11.9840) (8.3950) (1.5610) 2.5900 





> Significant at 5 percent level, 





2 Correlation between S: and Py: is —0.57, not too high to affect the results. 


b Denotes deviations from linear time- 

© High correlation between Py; and I(r = 0,82), 
d Not in percentage. 

® Serlally correlated residuals, 


densed model? estimated-for the period 1950- 
1968 was specified as follows: 


(8) World Imports=WI,= > Iu 
iml 

=f(Su, Pon Du) 

=atb 2) SuthPort Ui 
(9) World Price of Coffee 
= Po = fS- AS:, Di) 
=a! +b Stb (EPI) tb Dit V: 
Changes in World Stocks 
= AS, = WEP,— WI,= World Exportable 

Production less World Imports. 


(10) 


Equation (8) is the import demands by region 
equation and is determined by level of stocks in 
importing countries or income, world price of 
coffee, and a labor strike in an importing 
country. World price of coffee (9) is determined 
by level of stocks at the beginning of the year, 
excess supply or demand at the world level, and 
any other unusual factor (frost, drought or 
quota) in an exporting country. Equation (10) 
is a definitional relationship referring to excess 
supply/demand during the current year; this 
relationship is substituted in the structural 
equation (9). Regional imports were estimated 
by two-stage-least-squares as these equations 
are overidentified. 

Regional import demand equations were 


2 A complete model consisting of nine equations is not 
presented here. A detailed description of the model is 
available in [7]. 


estimated by two-stage-least-squares, and these 
estimates are presented in Table 3. Multicol- 
linearity among explanatory variables and 
serial correlation of residuals were the principal 
problems which were tackled in the estimation 
of U. S., European, and Rest of the World im- 
port demands. 

The predictive efficiency of estimated import 
demands were examined for the sample period 
1950-1968, and this was quite high. Structural 
coefficients with respect to income, prices, and 
stocks derived from regional import demand 
functions reflect the structure of import de- 
mands by regions. The regional import equa- 
tions were used to predict regional and total 
import demands for the period 1969, 1970, and 
1971. The predicted regional and total import 
demands are presented in Table 4, and they are 
compared with the actual world imports for the 
period 1969, 1970, and 1971. 





Table 4. Estimated and actual imports* by 

regions, 1969-1971 

Year U.S.A. Europe Rest of thi © Total 

1000 tons 

1969 1423 1577 301 3301 
(1214) (1630) (313) (3197) 

1970 1357 1614 296 3267 
(1184) (1639) (356) (3181) 

1971 1382 1645¢ 327 3354 
(1299) (1617) (346) (3262) 





= Actual prices in 1969 and 1970 are assumed to be 
known, or alternatively, it is assumed that prices are fore- 
cast without any error for the years 1969 and 1970. 

b Figures in parentheses are actual imports. 

© Based on predicted GNP. 


494 / Parti 


Am. J. Agr. Econ. 


References 


[1] Cocurans, D., anp G. H. Orcutt, “Application of 
Least Squares Regressions to Relationships Containing 
Autocorrelated Error Terms,’ J. Am. Stat, Assoc. 
44:32-61, March 1949. 

[2] Dugsm, J., “Testing for Serial Correlation in Least 
Squares Regression When Some of the Regressors are 
Lagged Dependent Variables,” Econometrica 38:410- 
422, May 1970. . 

{3] Hoursaxxenr, H. S., AnD S. Maore, “Income and Price 
Elasticities in World Trade,” Rev. Econ. and Stat. 
51:111-125, May 1969. 


[4] Hournarxer, H. S., anp L. D. TAYLOR, Consumer 
Demand in the Uniled States, 1929-1970, Cambridge, 
Harvard University Press, 1966. 

[5] Huanzs, J. J., “Note on U. S. Demand for Coffee,” 
Am. J. Agr. Econ. 51:912-914, Nov. 1969, 

[6] Lovasy, G., “Development of U. S, Coffee Consump- 
tion: Analysis and Forecast,” Econ. Dept. Working 
Paper 9, International Bank for Reconstruction and 
Development, Nov. 1967, 

[7] Panza, A., “A Model of World Coffee Trade,” mimeo- 
graphed paper, Nov. 1970. 


August 1973 


/ 497 


SOYBEAN PROCESSING FIRMS 


Table 4. Size distributions of soybean processing firms, actual and theoretical lognormal, 


selected years 











Year Size Category (percent of industry capacity) 
beginning 
October 1 I@>75) Ii(75>90) Ti1(90>95) IV (95-100) Total 
Number of Firms 
1946 
Actual 17 26 17 29 89 
Theoretical 28.7 21.0 14.6 24.7 89 
1953 
Actual 16 20 17 32 85 
Theoretical 23.3 20.2 11.2 30.3 85 
1957* 
Actual 13 14 11 30 68 
Theoretical 16.5 15.1 9.6 26.7 68 
1961* 
Actual 11 15 10 29 65 
Theoretical 15.0 14.2 9.3 26.5 65 
1965* 
Actual 8 9 7 25 49 
Theoretical 8.9 9.8 7.0 23.3 ` 49 
1971* 
Actual 11 8 6 18 43 
Theoretical 8.3 8.8 6.2 19.7 43 


* Using the Chi square test, the theoretical distribution did not differ significantly from the actual in these years. 


growth rates are independent of firm size. If 
so, then as firms expand, they might be ex- 
pected to grow according to the “law of pro- 
portionate effect.” Such growth over time 
would lead to generation of lognormal size 
distributions of firms and to increasing relative 
dispersion of sizes of firms [3]. 

To test for lognormality, theoretical log- 
normal distributions of firms were compared 
with distributions actually observed.’ Theore- 
tical distributions were derived from areas un- 
der the normal curve using the mean and 
variance of logarithms of firm sizes in each of 
the observation years (Table 4). The com- 
parisons showed generally that actual size 
distributions of firms in recent years were 
consistent with the lognormal hypothesis. 


Of particular interest in market structure - 


analysis are tendencies among the largest firms. 
To focus more directly on the upper end of the 
size distribution, the share of industry capacity 
held by the largest four firms was compared 
with theoretical lognormal four firm concen- 
tration ratios derived from areas under the 


3 Silberman [8] examined 90 industries for 1947 and 1958 
and found that about half could be described as lognormal. 
A smaller proportion of the industries with relatively few 
firms, i.e., less than 100, were found to be lognormal than 
the portion of industries with larger numbers of firms. 


normal curve and with ratios simulated using 
the mean and variance of logarithms of actual 
firm sizes (Table 5). 

The simulated average ratios were consis- 
tently lower than the theoretical ratios derived 
from areas under the normal curve. This arose 
because the range of sample values drawn from 
a normal distribution tends to be narrower for 
small samples than for large samples. Since the 
number of firms in the industry was relatively 
small, the probability of obtaining a high ran- 
dom value in any particular simulated sample 
was quite low.‘ , 

Owing to this characteristic, the comparison 


4 Snedecor [10, pp. 97-99] has shown that as more items 
are drawn from a normal population, there is an increasing 
likelihood of including some of the unusual extremes which 
are in the population. Thus range and standard deviation 
tend to increase with sample size, but range goes faster, 
and the ratio of the range to the standard deviation rises. 

To determine whether the simulated average ratio would 
approach the ratio derived from the area under the normal 
curve as sample size was increased, the number of firms in 
the sample was multiplied by 100, samples were drawn, and 
concentration ratios were computed for the top 400 firms. 
For example, for 1971 a sample size of 4300 was used in- 
stead of 43, and the ratio was based on the top 400 rather 
than the top four. This procedure was also followed for the 
number of firms in 1961 and 1965. In each of these three 
years, the simulated ratios were nearly identical with the 
ratios derived from the areas under the normal curve. 
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Table’5. Four firm concentration ratios in 
the U. S. soybean processing indus- 
try, actual and theoretical, selected 
years A 





Four Firm Concentration Ratio : 
Year Theoretical Lognormal Standard deviation 





beginning of simulated 
October 1 Actual Derlvedfrom concentration 
areaunder Simulated ratios> 
; curvet average? 
Percent G f Industry ity 
1946 43.8 27.2" 5.6 
1953 35.3 ae 32.4 7.0 
1957 38.6 42.2 39.4 8.6 
1961 46.8 44.8 4i.1i 9.0 
1965 51.9 57.6 52.3 10.6 
1971 SE? 58.7 53.6 10.6 





rocedure was as outlined by Silberman [8], 

b The onilated four firm concentration ratios were obtained by using 
random normal deviates generated from a computer program of random 
numbers, Each deviate UA was then converted to an element of a 
sample of size N, where NW was the actual number of firms in that 
lar year, using the transformation X;=eM+VU, . Repeating this times 
gave a sample of size N rom a lognormal population with parametern 
M and V3, where M and V2 were the mean and variance of | 
firm size, The top four simulated firm sizes wero then divi atana of 
simulated total industry aize, The entire process was repeated 1,000 
times. The mean and variance of the 1,000 simulated four firm concen- 
tration ratios were then computed. 

* Significantly different from the actual at the t percent probability 
level based on / test using standard deviation of 1000 almulated concen- 
tration ratios for each year. 


of actual ratios with the simulated average 
would be more realistic than the comparison of 
actual ratios with the theoretical ratios derived 
from areas under the normal curve. Neverthe- 
less, the actual four firm concentration ratio 
fell within a range that indicated no significant 
difference, except for 1946, from either the 
simulated or derived ratio. Thus the results for 
the upper ends of the distributions were gen- 
erally consistent with the findings of lognor- 
mality with respect to the entire Angas 
tions." : : 


5 The procedure which detives the: tidoretical ratio from 
areas under the normal curve has also -been criticized 
because the sampling error of the actual ratio can be experi- 
mentally obtained only by performing repeated ‘sampling 
experiments, in which the assumption is made that the 
sampling distribution of the actual ratio is normal [6, 9]. 
‘Thus an alternative two-tailed distribution-free test of sig- 
nificance was performed..The samples simulated for Table 
5 were used. 


The test at the 5 percent level was of the mclowms form: 


c=(+05 


= (1000-4 1) . 
C = 25.025. 


The null hypothesis that the actual four firm ratio is 
from a lognormal distribution is rejected if there are fewer 
than 25 simulated ratios which are either greater or 
less than the actual ratio. Only for the year beginning 
October 1, 1946 was the null hypothesis rejected, which is 
consistent with the conclusions reached ahove. 
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Table 6. Projected number of soybean pro- 
cessing firms in the U. S. by 
around 1980 by size groups, from 
three base periods 








Projection Base Period 
Size Catego 

(percent of pain) 1953-54 to 1961-62to 1965-66 to 
1961-62 1971-72 1971-72 

Projected number of firms by* 

1979-80 1981-82 1977-78 

I (>75) 6.7 10.6 12.9 

TT (75>90) 7.8 5.3 7.6 

DI (90>95) 1:2 4.4 5.0 

IV (95—100) 22.5 13.8 13.6 

TOTAL 44.2 34.1 39.1 





® Carried)to one decimal place as given by mathematical 
projections. In reality only whole numbers are logical. 


However, the actual ratios were below the 
simulated average ratios in 1957, 1965, and 1971 
and above in other years. If trends of the 1960’s 
continue, the four firm concentration ratio may 
at some time in the future be significantly lower 
than the ratio indicated by the lognormal hy- 
pothesis. 


Future Projections of Size Distributions 
from Alternative Past Periods 


A Markov Chain process [1, 2] was employed 
to bring out more clearly the potential future 
implications of past developments in the size 
distribution of firms from selected recent 
periods (Table 6). The principal tendency was 
the projected increase in the number of firms 
required to account for three-fourths of in- 
dustry capacity by around 1980 from the later 
base periods. This points toward decreasing 
concentration at the upper end of the size dis- 
tribution, as was indicated in the tests for log- 
normality in the preceding section. But at the 
same time, each projection indicated fewer 
small firms and a further decline in the total 
number of firms. Of course, these projections 
are not actual forecasts but indications of ten- 
dencies. Their relevance in forecasting will 
depend upon the extent to which changing or 
new factors might modify size distribution de- 
velopments which occurred during the pro- 
jection base periods. 


Summary and Implications 
‘Growth of the soybean processing industry 
between 1946 and 1971 was accompanied by 
substantial change in the number and relative 
sizes of firms. The number of firms declined 
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more rapidly than the number of plants. Sev- 


eral firms and plants were acquired by other 
processors. Plants operated by the largest four’ 


firms rose from 14 to 37, while those operated 
by all other firms declined from 104 to 50. 

The share of industry capacity operated by 
the largest four firms declined between 1946 
and 1953, gradually rose through 1965, then 


remained approximately stable through 1971.. 


Disparity among firm sizes correspondingly 
rose as concentration increased, and size dis- 
persion decreased slightly between 1965 and 
1971, 

The hypothesis of lognormal size distribu- 
tions of firms could not be rejected for any 
observed year since 1953. Upper ends of the 
size distributions were consistent with the 
lognormal hypothesis for all years since 1946. 
Markov Chain projections indicated that if 
past trends continue, fewer small than large 
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firms will survive, and the total number of 
firms will likely decline further. At the same 
time, if developments during the late 1960’s 
prevail, some decrease in industry concentra- 
tion might be anticipated. 

This industry clearly has gone through a 
remarkable transformation in the past quarter 
century. An important question is whether 
approximate stability in shares held by leading 
firms in recent years is likely to endure. A re- 
lated: question is how much further reduction 
may occur in the total number of firms. This 
will depend importantly on whether inter- 
mediate size firms, including several which op- 
erate single plants, will be numerous and 
vigorous enough to compete effectively and the 
extent to which they may be acquired by other 
firms. Answers to questions of this type will 
be of vital concern both to firms in the industry 
and from the standpoint of public policy. 
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A Note on the Stability of Firm Size Distribution Functions 
for Western Cattle Ranches* 


C. T. K. Came 


Negative exponential functions adequately describe the size distribution of western cattle 
ranches. Further, these functions were found to be sufficiently stable over time to be used in 
projecting future size distributions of firms. As such, these exponential functions provide an 


attractive alternative to Markov type projections. 


projecting the firm size distribution of a 

particular industry in their investiga- 
tions of structure. A useful way for making 
such projections has been the probabilistic 
method due to Markov.! A limitation of the 
Markov approach is that it requires detailed 
information on changes in firm size in order to 
derive transitional probabilities. Thus, in those 
instances where the research economist lacks 
the resources to collect such data, Markov 
type estimates of size distributions are difficult 
to obtain. 

Boxley [2] described an alternative to the 
Markov method through which firm size dis- 
tributions could be estimated when detailed 
information on firm size changes were not 
readily available.’ Boxley suggested that the 
size distribution of firms in an industry can 
be described empirically by a function of the 
form: 


Q) Y = APX 


where: 


[E eiei are frequently interested in 


Y=percentage (of firms) remaining above 
certain size limits, 

X =relative firm size (lower limit of size 
category divided by average firm size), 

¢=irrational number equal to 2.71828. 


The rationale for such a procedure is based. 


on the nonrandom nature of past fragmenta- 
tion and consolidation of farms. More speci- 
fically, “any change in the number of farms of 


_ ™ Contribution of the Nevada Agricultural Experiment 
Station, University of Nevada, Reno, Journal Series No. 
229. 

1 For example, see Adelman [1]. 

3 It should be noted, however, that techniques are avail- 
able for estimating transitional probabilities from aggregate 
time series data. See [6, 5]. 

3 Much of the work on fitting exponential size distribu- 
tions originated with Dovring [4]. 


C. T. K. Came ts associate professor of agricultural 
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a given size requires either a change in the land 
base or offsetting changes in other size cate- 
gories. If changes occur over a constant land 
base, the possible farm size combinations are 
physically constrained by that land base and 
by the fact that the maximum number of farm 
units that can be created of a given size is in- 
versely related to that size” [2, p. 88]. 

Boxley [2] fitted these functions using census 
data on farm size measured in acres for each of 
the coterminous states in the United States. His 
results generally indicated that in many states, 
the negative exponential function fits very 
closely the size distribution of farms. How- 
ever, much more important for the purpose of 
estimating future size distributions, Boxley 
noted that these functions are relatively stable 
over time. Thus, to project the size distribution 
of firms for some future time, all one need do 
is estimate average firm size for the time period 
in question and transform the argument of the 
distribution function. 

The objective of this paper is to investigate 
the appropriateness of the negative exponential 
function, as an alternative to the Markov ap- 
proach, in describing the size distribution of 
western cattle ranches. Further, the stability 
of these functions will be tested statistically. 
Fulfillment of both objectives should provide 
insights into the usefulness of negative ex- 
ponential functions to predict future firm size 
distributions. 


Procedure 


The negative exponential function was fitted 
to the size distribution of cattle firms in each 
of the 11 western states. Census data was used 
in fitting the functions. For the purpose of this 
study cattle firms include both “livestock 
farms” and “livestock ranches” as defined in 
the Census of Agriculture [4]. It was thought - 
appropriate to combine these two categories 
since a firm that is primarily a‘range cattle 
operation might be classed as a livestock farm 
if its major private land holdings were crop- 
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land but depended upon Federal grazing for a 
major portion of feed requirements. 

Firm size in this paper is measured in number 
of cows rather than in number of acres of land 
controlled by the livestock firm. Herd size is a 
traditional measure of livestock firm size be- 
cause of the wide variation in productivity of 
western rangelands. In aggregate, however, it 
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is reasonable to expect that there is a fixed, or 
at least stable, relationship between number of 
acres of grazing land and number of cattle that 
can be supported. Accordingly, measurement of 
firm size in terms of number of cows does not 
appear to be a serious departure from Boxley’s 
firm size-land base relationship noted above. 
The estimating procedure followed differs 


Table 1. Estimated coefficients and test statistics for size distribution functions, 11 western 








states 
“Chow” Fs 
State Year Intercept Slope Std. Error R Statistic 

1959 101.279 —1.160 .029 .998 

Montana 1964 100.983 1.120 .012 .999 (2.915) 
1969 100.865 —1.136 025 .999 . 
1959-64 100.863 —1.133 .019 .999 
1959 101.992 —1.139 .098 958 

Idaho 1964 101.290 —1.004 .078 .965 (1.307) 
1969. 101.234 —1.031 .074 .970 
1959-64 101.254 —1.047 .046 .960 
1959 101.204 , —1.297 .058 .988 

Wyoming 1964 100.861 —1.174 .046 .991 (3.219) 
1969 100.805 —1.197 .031 .996 
1959-64 100.814 —1.210 .026 .990 
1959 101.870 —1.180 .080 .973 

Colorado 1964 101.274 —1.021 060 980 (3.245) 
1969 101.149 —1.050 .046 .989 
1959-64 101.168 —1.068 .036 .975 

1959 101.400 —1.376 .094 .972 

New Mexico 1964 101.010 —1.217 .081 974 (1.821) 
1969 100.927 —1.284 .059 .987 
1959-64 100.920 —1.274 .043 .975 
1959 100.892 —1.479 .099 974 

Arizona 1964 100.622 —1.238 .115 .951 (3.509) 
1969 100.664 —1.212 .084 .971 
1959-64 100.639 —1.271 .060 .953 
1959 102.163 —1.138 .063 .982 

Utah 1964 101.457 — 995 .057 981 (2.501) 
1969 101.318 —1.023 .066 .976 
1959-64. 101.337 —1.039 .036 .974 
1959 100.686 —1.710 .141 .961 

Nevada 1964 100.485 —1.561 .086 .982 ( .897) 
1969 100.535 —1.637 083 .985 
1959-64 100.505 —1.624 .052 .978 
1959 102.855 —1.093 113 .939 

Washington 1964 101.770 — .816 .136 .859 (2.925) 
1969 101.673 — 901 116 .910 
1959-64 101.683 — .906 .075 .871 
1959 101.931 —1.395 .187 .902 

Oregon 1964 101.234 —1.121 .201 839 (1.417) 
1969 101.174 —1.158 .160 „897 
1959-64 101.214 —1.197 .103 .860 
1959 101.695 —1.396 147 .938 

California 1964 101.157 —1.133 .162 .890 (1.670) 
1969 101.072 —1.201 .135 .929 
1959-64 101.082 —1.213 .085 .902 





a This statistic is significant at the 5 percent level of confidence for the values greater than F (2, 18)=3.55. 
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slightly from that reported by Boxley. Since 
the smallest size class reported in the Census 
was one cow, ordinary least squares procedures 
were modified by constraining the estimated 
function to pass through the point correspond- 
ing to 100 percent and relative size defined for 
the lower limit of the smallest size class.4 Re- 
stricting least squares procedures in this man- 
ner guarantees that the estimated size distribu- 
tion function reflects the logical result that 100 
percent of the firms had at least one cow. 
Distribution functions were fitted using data 
from the Census of Agriculture for the years 
1959, 1964, and 1969. Thus three equations 
were derived for each state. To test for stability 
of these functions over time, the equations -for 
each state were tested for significant differences 
using the method developed by Chow [3]. The 
hypothesis that “the data used in estimating 
the parameters of each equation belong to the 
same regression equation” is tested. 


Statistical Results 


Least squares estimates of the parameters in 
Equation 1 and their related test statistics are 
presented in Table 1. Without exception, the 
slope coefficients for the equations for each 
state are significantly different from zero at 
the 1 percent level of confidence. Further, the 
coefficients of determination (R*) are all high, 
ranging from about 0.84 to 0.99. These co- 
efficients indicate that generally. over 90 per- 
cent of the variation in decumulative firm size 
percentage was explained by variations in rela- 
tive firm size. Note that all states except Wash- 
ington, Oregon, and California exhibit coef- 
ficients of determination greater than 0.95. For 
the Pacific Coast states, the coefficients of de- 


4In the equation Y=Ae?*e, where e is the disturbance 
term, the parameters A and B are derived by minimizing 
Zé subject to the condition that A = 100/e2X where X; is 
the “relative size” corresponding to the lower limit of the 
smallest size class. 
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termination fell below 0.90 in several instances. 
While there is nothing sacred about a coefficient 
of determination of 0.90, these results suggest 
that, ina relative sense, the negative exponential 
functions are less appropriate for these states 
than for the other western states. Resources 
devoted to cattle ranching in the Pacific Coast 
states may not be as stable as those in the 
other western states. That is, resources released 
from defunct cattle ranches in the coastal states 
may not be absorbed by viable participants in 
the ranching industry. 

The Chow F statistics (Table 1) indicate 
that for each state the data for 1959, 1964, and 
1969 belong to the same regression equation. 
In other words, the estimated parameters of 
the size distribution functions for each state are 
not statistically different for the three census 
years considered. Alternatively, these results 
suggest that for each state, the percentage of 
firms above average firm size are equal in each 
of the three census years considered. Of course, 
average firm sizes have changed over time. For 
example, in Montana, the average firm size 
was 91 cows, 114 cows, and 132 cows, in 1959, 
1964, and 1969, respectively. For each of these 
years approximately 32 percent of the firms in 
Montana were above this size class. More 
specifically, estimates of the percent of firms 
above average firm size (relative size equal to 
one) for the 1959, 1964, and 1969 functions were 
31.7, 32.9, and 32.3, respectively. Using the 
combined data equation, 32.6 percent of the 
firms were above average firm size, 

The statistical results presented suggest two 
major findings. First, the negative exponential 
functional form does fit the size distribution 
data for western livestock firms quite well. 
Second, the functions (for each state) over the 
three time periods studied are stable. The 
stability of these functions suggests their ap- 
propriateness in making estimates of future 
firm size distributions. 
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Increasing Response Rates in Mailed Questionnaires* 


R. C. Buse 


‘Described is.a procedure using'a personal letter to a questionnaire recipient to capture atten- 
tion, develop rapport, and capitalize on this plus persistence to achieve a high response rate. 
Also examined is the question of bias associated with nonrespondents. The evidence presented 
supports the practice of pursuing high response rates. . 


tain groups or individuals are advantages 
that make the mail questionnaire an’at- 
tractive research tool! In practice, however, 
poor response rates frequently affect the mail 
questionnaire’s data-generating ability. Biased 
survey results occur when nonrespondents dif- 
fer from respondents.? Other factors-which af- 
fect questionnaire reliability such as content 
and design quality are covered extensively in 
the literature. This note, however, is concerned 
primarily with the response rate aspect of 
questionnaire efficiency. 
A large body of literature exists on: “effective 
techniques for increasing mail questionnaire 
response rates.? Major assumptions of this 


* A more detailed explanation of methodology used’ in 
this study is available in Research Report R2409, College 
of Agricultural and Life Sciences,- University of Wisconsin, 
Madison, Wisconsin, 53706. The research on which this 


p cost per unit and easier access to” cer- 


paper is based was coriducted as a joint project between the ` 


Economic Research Service, USDA, and the Wisconsin 
Agricultural Experiment Station, Madison, . Wisconsin. 
The author wishes to thank Daniel. Bromley, Aaron C. 


Johnson, Jr., and Peter Helmberger of the University of | 


Wisconsin, and John T. Scott, Jr., and Mathew Hauck of 
the University of Dlinois, for their comments on an earlier 
draft of this paper. : 

t For a detailed discon of the relativo, merits and 
deficiencies of the mail questionnaire, see [10, pp. 209-213; 
12, pp. 170f.; and’ 24, pp. 236-243]. 

1 The literature i is not in agreement on this point. A 
number of studies have reported differences betweeri re- 
spondents and nonrespondents to mail questionnaires while 
others have found no significant difference. Ferber found 
that later respondents are “almost non-respondents” and 
suggested a.method of eliminating this [i1], while Eckland 


[9], Mayer and Pratt [18] and McDough [19] present 


evidence to the contrary. In contrast, Wallace [28] takes 
the middle ground arguing that the degree ‘of bias due to 
nonresponse is dependent upon the objectives and in- 
tended population of the survey: Robins [22] presents the 
parallel cost benefit arguments for the case of a face-to- 
face interview. For some of the many other references on 
the subject, see Wales and Ferber [27, p. 44-48]. 

* Notable among these studies dre: Mason [17] “who 
tested the effect of length of questionnaire and the anonym- 
ity of the respondent on response rates. Brodt [5] suggested 
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literature are: (a) a questionnaire, no matter 
what its form or type, is an imposition on the 
respondent who must volunteer his time and 
energy; (b) the impersonal nature of the mail 
contrasted to face-to-face interviews makes it 
easy to refuse; and (c) mail questionnaires 
have stiff competition for the addressee’s at- 
tention because he is currently exposed to many 
such mailings. These factors help account for 
the commonly encountered 50 per cent re- 
sponse rate. . 

Two approaches exist for i improving response 
rate. One, the “sledgehammer” approach, relies 
on successive waves of questionnaires with 
follow-up reminders and pleas. A second, more 
imaginative approach ‘attempts to identify 
possible reasons for nonresponse. It involves 
anticipating resistance and increasing respon- 
dents’ personal involvement.‘ A combination of 
the two approaches, individually tailored to the 
project, is hata and TN high pay- 
offs. 


The Wisconsin Incorporated -Farm . Study 


A mail questionnaire was used in this study 
to provide some descriptive statistics of in- 
corporated farms in Wisconsin and to serve as a 
basis for sampling in later stages of a longer 
run project. To provide an adequate sampling 


frame for later stages, response rates had to be 


as close to 100 percent as possible—a major 
challenge for the mail questionnaire. A small 
budget plus time pressure made a mail survey 





the use of postcards to preserve anonymity and still permit 
follow-up. Boek [4] and Nichols [20] provided some further 
tests and refinements to the postcard technique. Donald 
[8], Ferness [10], Clausen [6], Plug [21], and Roeher [23] 
contributed to the concept of personalization as an effective 
technique for increasing efficiency. Gullahorn [16] sug- 
gested the use of special delivery follow-up, and Backrock 
[1] combined a number of’the above techniques to increase 
his response rate substantially. For a more comprehensive 
list, see [22]. 

1 Clausen and Ford [6] show that high levels of interest 
and involvement are more likely to be characteristic of 
early respondents. Ferness [13] and McDough [19] use 
this knowledge to increase their response rates. Frankel 
[14] also discusses this question. 
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the most practical method of obtaining the 
required information—provided its overall ef- 
ficiency could be improved. 

The assumption that a properly conceived 
letter provided easier access to the chief ex- 
ecutive of a corporation than a personal ap- 
pearance was another consideration favoring 
the mail method. His tacit approval would 
automatically improve response rates since it 
would increase the cooperativeness of whom- 
ever he requested to complete the question- 
naire. The problem was to make sure he per- 
sonally received the request, to convince him 
of its merits, and to induce him to cooperate. 
After a careful reading of the literature, the 
following procedure was utilized to overcome 
the obstacles.5 


The Procedure 
Stage 1, advance mailing 


An advanced, first class mailing was made to 
880 corporation presidents. It contained two 
letters and a self-addressed, return postcard. 
The first letter, signed by the Dean of the Col- 
lege of Agricultural and Life Sciences, was de- 
signed to lend authority (and thereby justifica- 
tion and an aura of officiality) to the subse- 
quent proposed questionnaire. It stated the 
reasons for the study and explained it was under 
the auspices of the University and the College. 
It also stressed the importance of the individ- 
ual’s participation in the study and introduced 
the researchers by name. 

The second letter, signed by the researchers 
named in the Dean’s letter, (a) elaborated on 
the purpose and objectives of the study; (b) 
indicated the approximate date the respondent 
could expect to receive the questionnaire (two 
weeks later); (c) stressed the need for the in- 


dividual’s cooperation and the confidential na- 


ture of the response; and (d) requested the in- 
dividual to return the enclosed, self-addressed, 
stamped postcard if his corporation would 
cooperate. The postcard asked for a commit- 
ment to cooperate and for the name and ad- 
dress of the corporate officer who would fill 
out the questionnaire. 

The guiding philosophy at this stage was to 
simulate as closely as possible a person-to-person 
setting for the letters. The individual’s addresses 
and greetings were individually typed on each 


* Aside from the standard references [2, 15, 24, 29], the 
development of the procedure reported herein is a synthesis 
and a duplication of the ideas and methods described in 
[1, 16, 18, 23]. 
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letter and envelope. The body of the letter was 
fast-copied. on the appropriate university let- 
terhead with the full signature of the authors. 
The type and the ribbons used in the type- 
writers were carefully matched, making the 
heading and greeting almost indistinguishable 
from the mass-produced body of the letter. To 
further de-emphasize the impersonal nature of 
the letter, individual postage stamps were used 
in lieu of a postage meter. 

Attention was given to such details as co- 
ordinating mailings to minimize conflicts with 
holiday mail or, after the first of the year, with 
income tax mail. In special cases, handwritten 
notes added further personalism at this and 
later stages. 

Stage 2, the questionnaire 

The questionnaire was sent special delivery 
to all respondents who had been alerted:by the 
advance letter or who had been designated by 
the corporation president in the return post- 
card. Special delivery reinforced the personal 
nature of the correspondence and demonstrated 
the importance the researchers attached to the . 
study and each response. The individually 
addressed and stamped envelopes included: 


1. A second fast-copied cover letter cosigned 
by the researchers and using University 
letterhead. It also had the appearance of a 
personal letter. It repeated the request for 
cooperation, the great need for the in- 
formation, its usefulness (a law was under 
consideration in the state assembly), the 
pledge of non-disclosure, and the offer of a 
copy of the final report. 

2. A self-addressed and stamped, first class 
envelope for the return of the completed 
questionnaire. 

3. A six-page questionnaire. The question- 
naire contained a title page provided by 
the computer which asked the respondent 
to respond only in terms of the particular 
corporation named on that page.’ This 


$ This is based upon the observations of the author in 
watching people sorting their mail. Usually all letters with 
stamps and individually typed addresses are laid aside to 
be attended to first, and all material identified. as metered 
mail and those envelopes with address labels are left until 
later. 

7In a number of cases, one individual was the chief 
executive of several corporations. These were individually 
handled in order to minimize the possible antagonisms of 
individuals receiving more than one questionnaire or letter. 
A personal, handwritten note was attached to each to 
further overcome the additional resistance such respondents 
might develop by receiving more than one questionnaire. 
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title page assured the respondent that it 
was attached to the questionnaire strictly 
for record-keeping purposes and that it 
would be removed upon receipt of the 
questionnaire. The questionnaire itself 
contained no means of identifying the 
respondent or his firm. The lower half of 
the page was perforated and was to be 
filled out with a name and address if the 
respondent wished to have a copy of the 
final report.’ This offer further reinforced 
legitimization of the request for informa- 


tion and emphasized one of the benefits of | 


participating, i.e., a report on corporation 
farms. 


Stage 3, first follow-up 


A follow-up first class letter was sent to all 
corporations not responding by the 14th day 
after the initial mailing. It followed the same 
personalistic format as earlier letters. It ex- 
pressed a special thank you to those who had 
already responded (to allow for crossing in the 
mails) and a polite personal request for those 
who had not filled out the questionnaire to set 
aside a few minutes at that time to do so. 


Stage 4, second follow-up 


On the 25th day, a second follow-up, special 
delivery package, return receipt requested, was 
sent to all outstanding corporations. Equal at- 
tention was given to all the personalizing tech- 
niques used in the previous stages. The pack- 
age included another copy of the questionnaire 
with its cover page and a_pre-addressed, 
stamped return envelope. A cover letter re- 
iterated the need for the firm’s information for 
purposes of completeness and set a deadline of 
seven days hence for completing the return. 


Stage 5, telephone follow-up 


Finally, after 55 days, instead of following 
up with another letter, all remaining nonre- 
spondents were contacted by telephone. They 
were reminded of the questionnaires, the im- 
portance of the report for corporation farms, 
and the need for complète information. Part of 
the strategy at this stage was to make the re- 


3 This was to reinforce the statements of anonymity in 
the cover letter. 

* It is difficult to ascertain exactly how much or if this 
increased response except to point out that 80 percent of 
those responding did request a report. Furthermore, no one 
who did not return the questionnaire filled out the tear-off 
requesting a copy of the report. 
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Table 1. Distribution of 880 Wisconsin cor- 
porations according to their response 
to a mailed questionnaire, 1970 
Type of Response Number Percent 
Responded: Classified as Agricultural 
Corporation* 558 63.4 
Responded: Classified as Nonagri- 
cultural Corporations** 183 20.7 
Responded: Dissolved, Merged, or : 
Out of Business 56 6.4 
No Response 83 9.5 
TOTAL 880 100.0 





* The respondents were classified as agricultural corpora- 
tions if they recorded income from the production and/or 
sale of agricultural products. 

** Includes 24 real estate agencies with small income 
from land rental. 


spondent feel he was delaying the project. In- 
terviewers tried to determine if the interviewee 
was likely to return a questionnaire. If not, the 
interviewers attempted to complete the ques- 
tionnaire over the phone. 

The “last ditch” telephone calls were based 
on the work of Sudman [25], who indicates 
that telephone interviewing, if properly con- 
ducted, can be as effective as face-to-face inter- 
views. It also provided an additional low cost 
opportunity to test validity effects of differ- 
ences between non-, late, and early respondents. 


Results 
The response rate 


The procedures were clearly successful. The 
response rate was 91 percent, a significant im- 
provement over the 50 percent return rate 
normally expected with mail questionnaires 
(Table 1). Only 83 out of 880 (9 percent) were 
classified nonrespondents. Interestingly, 183 
corporations without agricultural income and 
56 corporations which no longer existed re- 
sponded. Many of these 239 firms took the 
time and effort to write a letter stating that 
they would like to cooperate but explained 
why they felt the firm should not be included in 
the survey. This unusual cooperation and in- 
terest offers further evidence that the proce- 
dures appear to be responsible for the increased 
response rates. 

Figure 1 illustrates daily and weekly returns 
of the 845 questionnaires mailed on January 
9, 1970. A notable jump in the. rate of returns 
occurred after both the first and the second 
follow-ups (Stages 3 and 4). 

Impact of the first follow-up was short run. 
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Figure 1. Frequency distribution of mailed questionaires returned by agricultural corporations by weeks, Janu- 


ary to March 1970 


A short spurt occurred in the return rate, but 
it dropped to the original level within a week. 
The second follow-up was better timed. Its in- 
fluence on questionnaire return was still visible 
one and a half weeks later. The telephone fol- 
low-up (Stage 5) contributed to the overall 
high rate of response by stimulating a con- 
tinuous trickle of returns into the ninth week. 


Respondent characteristics 


Table 2 contains the average of selected 
variables by response waves. Additional charac- 
teristics could have been included, but the con- 
clusions would not have changed. The first 
wave includes those responding to the original 
mailing and first follow-up letter (Stages 2 and 
3); the second, those responding to the second 
mailing (Stage 4); and the third, those re- 
sponding to the telephone follow-up (Stage 5). 

Substantial differences existed between the 
groups in each stage. Variances for each cell 
were significantly different by Barilett’s Test for 
Homogeneity of Variance [3]. Generally, the 
first wave had the largest variance in the in- 
come variables and the second group in those 
characteristics associated with the farm op- 
eration, such as acres, average number of live- 
stock, etc. The ‘third group generally was a 


more homogeneous group and tended to be 
smaller in size but selling higher valued spe- 
cialty products. The heteroskedastic nature of 
the three waves makes a comparison of aver- 
ages meaningless. Nevertheless, it is clear that 
the agricultural aspects of the second and third 
waves are different from the first wave. _ 
Respondents were also classified on the basis 
of the corporation’s most important source of 
income. No statistically~significant difference 
existed between the three waves in the dis- 


Table 2. Averages of selected corporation 
characteristics by response wave, 
corporations with agricultural in- 


come, Wisconsin, 19'70* 








: Respondents in 
Characteristics First Wave Second Wave ‘Third Wave 
(StagesZand3) (Stage4) - (Stage 5) 
—Average per Respondent— 
1968 Gross Income ` 826,636 i 147,480 400,380 
1968 Net Aneta rral 70,025 es 75, *097 
et tural 
Income 6,215 —3, 536 606 
Number of Individuals 
Owning Stock 4.1 5.5 3.5 
AcresOwned 585 861 312 
Acres Operated 517 995 “219 





"phe first wave is defined sg those responding to the original malling 


and at follow ap the second wave to those respon: to eect pen 
mi wave to thore responding to the t follow- 
up. 
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Table 3. Calculation of cost per questionnaire returned by original mailing and follow-ups, 
Wisconsin corporation farm survey, 1970 












































Cost Pre-Questionnaire Questionnaire Follow-ups 

Explanation Gas 5 Gash) First Second Phone Total 
(Stage 3) (Stage 4) (Stage 5) : 

Cost Item: j ; : 
Labor $567.60 $ 570.40 $215.92. $253.20 - $200.00 $1,807.12 
Postage 104.23 ` 544.38 62.78 171.36 882.75 
Telephone> ` 22.24 22.24 
Supplies* 7.45 24.83 2.07. 5.83 f 40.18 

TOTAL $679.28 $1,149.61 $280.77 $420.39 $222.24 $2,752.29 
Number of questionnaires sent 859 258 130 859 
Number of questionnaires usable 606 123 68 797 
Cost per usable response? $1.90 $3.42 $3.27 $3.45 








* Includes secretarial labor and a graduate assistant. 
> 318 minutes. 
e Return envelopes and stationery. 


4 Usable responses defined as including any information returned in a letter, postcard, telephone call, ete., which, at a 
minimum, allowed the corporation to be classified as a corporation farm, noneligible, or nonrespondent. 


tribution of firm types. Interestingly, the third 
wave contained a disproportionate number of 
real estate firms. Based on the cover letter in- 
cluded with the questionnaires, the firms ap- 
parently concluded that they were not agricul- 
tural corporations, could not contribute to the 
study, and thus ignored the first two follow- 
ups.!° The personal phone call, however, con- 
vinced them to cooperate. 


Respondents versus nonrespondents 


The 83 nonrespondents were different from 
the respondents. Although a direct comparison 
of means of gross and net incomes (as reported 
for tax purposes) was not possible due to statis- 
tically different variances, generally the non- 
respondents’ incomes were much smaller than 
respondents’, They were also much more 
homogeneous in characteristics than the re- 
sponding corporations. Due to their small num- 
ber, their exclusion made little significant im- 
pact on the overall descriptive statistics. 


Questionnaire completeness 


To discover if the efforts to draw out the 
final responses had an adverse effect on ques- 
tionnaire completeness, data on the number of 
nonresponses per questionnaire were analyzed. 
No significant differences in questionnaire 
completeness existed between firms responding 


10 This assumption proved to be correct since they were 
eventually classified as nonagricultural corporations and 
excluded from the analysis. 


to the first mailing and those prodded by mail 
follow-ups or the telephone stimuli." 


The costs 


Cost per usable response ($3.45) was very 
low in relation to other methods of data gather- 
ing (Table 3). The survey research laboratory 
at the University of Wisconsin estimates that 
an equivalent personal interview would cost 
more than 20 dollars per response. A telephone 
interview would cost two to three dollars per 
schedule—but with lower response rates. 


Summary 


Any questionnaire is an imposition on the 
respondent. Mailed questionnaires face special 
difficulties in regard to response rates. The lit- 
erature on the subject suggests that techniques 
for improving response require finesse in over- 
coming the respondent’s natural resistance. 

This study attempted to develop procedural 
techniques which personalized contacts with 
respondents and neutralized depersonalizing 
aspects. Efforts were made to convince the 
respondent that he would benefit personally 


u This analysis took into account nonresponse due to: 
(1) poor question design (assumed from large numbers of 
nonresponses), (2) nonapplicability or irrelevance of ques- 
tions or sections to a particular firm (evident from question- 
by-question analysis), and (3) differences in motivation or 
cooperation (assumed from differences between waves). 
Nonresponses were well distributed over the three response 
waves. The Chi square value of 2.9 with 8 degrees of free- 
dom results in accepting the null hypothesis at the .05 level 
of probability. 
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by completing the questionnaire. The procedure 
included an advance letter, hand-stamped 
mailings, special delivery handling, and mail 
and telephone follow-up. 

The methods employed achieved a response 


rate of 91 percent. The study indicates that 


mailed questionnaire response rates can be sig- 
nificantly improved over the 50 percent norm 
and the mailed questionnaire can be an efficient 
method of data collection. Cost per response 
was considerably lower than a personal inter- 
view. 


Am. J. Agr. Econ. 


A significant difference existed between early 
and later respondents and apparently between 
respondents and nonrespondents. Hence, in this 
case, the efforts made to collect the reluctant re- 
Spondents paid off in a more representative sam- 
ple. Questionnaire quality and completeness did 
not deteriorate as further stimuli were applied to 
the nonrespondent to force a response. 

By utilizing appropriate procedures, re- 
searchers can have greater confidence in the 
mailed questionnaire as a research tool. 
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Technological Change and Relative Factor Shares in 
Indian Agriculture: An Empirical Analysis* 


Uma K. SRIVASTAVA AnD Earr O. Heapy 


Distribution of sectoral gains between labor and nonlabor input factors attains importance in 
view of the growing concern about rural poverty and unemployment despite recent increases 
in output and total revenue in Indian agriculture. Using cross section data, this study aims at 


measuring changes in the relative factor shares. 


HE last few years have brought a per- 

ceptible technological transformation of 

agriculture in India and other Asian 
countries.| This transformation has become 
known as “the green revolution,” characterized 
by biological-mechanical? innovations [21] that 
have rapidly increased output and total net 
revenue of the agricultural sector. 

Despite increased income of the agricultural 
sector in LDC’s, there has been growing con- 
cern with rural poverty and unemployment. In 
India, for example, recent studies show an in- 
crease in the proportion of rural population 
below the poverty line [2, 8, 16]. Landless 
agricultural laborers and small farmers con- 
stitute the bulk of the rural poor. Small farm- 
ers also derive a large portion of their income 
from hiring out surplus family labor. Quantita- 
tive projections of the growth of employment 
in the nonagricultural sector do not show any 
significant potential for the absorption of the 
growing agricultural labor force [24]. These 
circumstances have created a special interest 
in the relationship between growth in output 
and factor shares, particularly labor’s share, 
within the agricultural sector in LDC’s. The 
basic question is whether the undergoing tech- 
nological change will increase employment po- 
tential in agriculture so that landless laborers 
will find adequate employment in agriculture. 

Much research has been devoted to empirical 


* Journal Paper J-7360 of the Iowa Agriculture and 
Home Economics Experiment Station, Ames. Project num- 
ber 1558. We are grateful to an inimical friend who was also 
one of the Journal referees for his extremely useful sug- 
gestions in improving this paper. 

1 There has been a temporary setback in agricultural pro- 
duction during the 1971-72 agricultural year because of 
extremely bad weather conditions, but the high yielding 
varieties have gained wide acceptance. 

2 For a classification of innovation in agriculture and 
impact on factor demands, see Heady [9]. 





Uma K. Srivastava is a postdoctoral assoctate and EARL 
O. Heavy ts Curtiss Distinguished Professor of economics 
and director of the Center for Agricultural and Rural Develop- 
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verification of the relationship between the 
absolute demand for labor and growth in agri- 
cultural output [4, 5, 12, 18, 23]. This paper, 
however, is concerned mainly with the changes 
in relative factor shares. Such changes are 
analyzed with application of the CES produc- 
tion function framework. The analysis also in- 
dicates the importance of various forces affect- 
ing relative income shares. 


The Data 


Changes in relative factor shares are analyzed 
in two regions in India: Ferozepur (Punjab) 
and Muzzaffernager (Uttar Pradesh).* The 
choice of these regions is dictated by avail- 
ability of comparable data relating to pre- 
technological and post-technological change 
periods. Incidentally, these two regions are the 
most important contributors to the green 
revolution in wheat. Data used in the analysis 
were collected by the Directorate of Economics 
and Statistics, Government of India. These 
data were derived from cost-accounting sur- 
veys conducted on a cross section sample of 
farmers in the two regions at two points of 
time: the mid-1950’s and late 1960’s, conform- 
ing with an a priori classification of pre-tech- 
nological and post-technological change periods 
in Indian agriculture. 

The surveys conducted in the mid-1950’s 
(1954-57) included 200 farmers, while the sur- 
veys of the late 1960’s (1966-70) included 150 
farmers for each region. Farmers were selected 
on a Stratified random sample basis. In the 
absence of time series data, these cross-section 
observations are the only source of material 
for studies dealing with the factor shares in 
Indian agriculture. 

Since the published data (in the form of eight 


>The Farm Management Surveys of 1955-56 included 
two districts: Amritsar (besides Ferozepur) in Punjab, and 
Meerut (besides Muzzaffernagar) in Uttar Pradesh Sur- 
vey. To have a large cross section sample of the area, this 
analysis uses the data of both the districts in the pre-tech- 
nological change period. 
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Table 1. Percentage share of selected Indian 


states in sown area and in holdings 


of agricultural machinery 
Ho s of agricultural 





Nene: ery (1966) 
pate (1964-65) Diesel! Electri 
i ic 
p pumps Tractors ; 
Andhre Pradesh 8.4 10.4 9.5 5.4 
Gujarat 6.9 25.0 3.8 : 6.0 
ey Belong E l y s i 23 27 
ja ana, k F 2.3 i 
‘Tamil N ai 4.4 9.5 53.4 6.1 
Uttar Pediesh 12,6 6.3 2.6 18.8 
Other states and centrally ad- 

ministered territories 48.9 14,5 18.7 29.0 - 
100.0 © 100.0 100.0 100.0 





Source: K. N. Raj [17]. | 


class means) from the studies [11]. have been 
found to contain aggregation bias, this analysis 
uses the actual farm-level data. Farm level 
data were available to the authors-only for one 
year (Uttar Pradesh, 1956-57, and Punjab, 
1955-56) of the pre-technological change period 
and two years (1967-69) of the post-technolog- 
ical change period. The two data sets of each of 
the regions have been used for the following 
analysis. Changes in relative factor shares, par- 
ticularly in labor’s share, in Uttar Pradesh and 
Punjab should also reflect the impact of tractor 
use. Uttar Pradesh and Punjab account for a 
sizeable percentage share of the tractors in use 
in Indian agriculture (Table 1). 


- Limitations of Earlier Studies With 
` Cobb-Douglas Framework 


Production function studies for agriculture 
in developing economies have assumed the 
Cobb-Douglas form. to be logically appropriate 
to the data. Very little effort has been made to 
verify the actual value of the elasticity of 
substitution,’ with the exception of a study by 
Yotopoulos et al. [25]. In the Cobb-Douglas 
form, the relative factor shares remain un- 
changed, even witha change in relative factor 
prices and factor ratios (substitution between 
factors), because the elasticity of substitution 
between inputs is forced to unity. Technological 
change is expressed in the Cobb-Douglas func- 
tion by a change in the partial elasticities of 
production, and/or a change in the intercept 
term in the function (A). Technological change 
alters relative factor shares only when it 
changes the ratios of the partial elasticities of 


1 There have been a large number of studies with Cobb- 
Douglas production function. For studies relating to 
Indian agriculture, see Srivastava et al. [22]. 
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production. Bardhan [3] has recently tried to 
verify the elasticity of substitution between 
land and labor by means of a “Kmenta ap- 
proximation” for some of the post-technological 
change data used in the present study (data 
sets relating to 1967-69). The elasticity of sub- 


. sitution between land and labor inputs was 


found to be significantly different from unity. 
This pioneering study throws some doubt on 
the elasticity of substitution assumption under- 
lying the studies with Cobb-Douglas produc- 
tion functions. 

Furthermore, the prices of both labor and 
capital inputs have increased in recent years for 
both regions studied. Contrary to the expecta- 
tion of “surplus labor theorists,” wage rates in 
the two regions have increased much faster 
than the prices of major capital goods such as 
tractors and implements. Some indications of 
changes in relative factor prices are available in 
the fragmentary evidence in Table 2. Average 
daily wage rates of adult laborers nearly 
doubled in Uttar Pradesh and tripled in Punjab 
between 1961-62 and 1968-69. During the 
same period prices of two brands of tractors 
(Eicher and Tafe, the only ones being produced 
in 1961-62) increased by only 50 percent. 
Prices of other brands of tractors (production 
of these started in later years) have risen very 
little since the first year of production as com- 
pared with wage rates during the same period. 
Interest rates on long term capital also have 
been very low [19]. Two explanations have 
been offered recently for such a rapid rise in 
wage rates: Rao [19] offers a Ricardian ex- 
planation that prices of wage goods have in- 
creased because cultivation has been extended 


Table 2. Some indicators of relative factor 








prices 
Indicator Unit 1961-62 1964-65 1968-69 

Wage Rates (per day): 

Uttar Pradesh Rs. 1.33 1.74 2.61 

Punjab Rs. 2.39 3.02 6.23 
Tractor Prices (different brands) ` 

Eicher gr H.P. Rs. 11,900 _ 17,460 

TAFE (35 H.P. Rs. 14,450 _ 21,141 

Hindustan (50 H.P.) Rs. _ “17,500 22,350 

Escorts a Rs. — 13,100 13, 

Escorts (37 H.P. . Rs. _ 15,400 17,910 

Hindustan (35 HLP.) Rs. -_ 12,500 15,710 

International (35 H.P.) Rs. bares 16,380 19,570 
Percentage Ratios of Indices 

of F Prices to Cereal 

Prices Indices (1961-63 = 100) 100.0 79.9 71.0 





(1) T age rates for 1961-62 and 1968-69 
in Py sch 19 (19); wage sa in Punjab [10]; (3) e rates for 
naek: in Uttar 13]; Au the ratios of indices of fertilizer t 

prices are worked out from nomic S of 


ase of Food and Agriculture 1968-69, 
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to the marginal lands; Herdt and Baker [10] 
argue that the supply curve of labor is no longer 
perfectly elastic in these areas. 


Empirical Estimates of the Parameters 
Affecting Relative Income Shares 


Arrow et al. [1] formulated the CES produc- 
tion function which eliminates the assumption 
of an elasticity of factor substitution equal to 
unity. The CES function is 


(1) Q= yk +í- 8) L-e} -1e 


where QO, K, and L denote output, capital, and 
labor, respectively; y is a technological parani- 
eter, ô is a distribution parameter, and p is the 
factor substitution parameter. Brown [6, 7] has 
shown that the relative shares of capital and 
incomes, in terms of the CES function, depend 
on the ratio of labor to capital, on capital inten- 
sity, and elasticity of substitution parameters. 
The share of Jabor relative to capital under 
marginal productivity equilibrium can be ex- 


pressed as: 

wL i~ ôf 
2 s-=--— (4) 
@) qK ô w 
where 


S= the ratio of labor income to capital 
income, 
w= wage rate per unit of labor, 
g=rental per unit of capital, 
1—68/5=labor intensity, 
and 
o=elasticity of substitution (1/1+,). 
The parameters affecting relative income 
shares were empirically estimated. Brown [7] 
has derived the estimating form of the equation 
using time series data. In the absence of 


time series data, the estimating equation be- 
comes as follows: 


j (=) - i == 
og K = g log —) 
+ atog(* \ 


L=human labor (adult man days),5 


(3) 


where 


š Female and child labor days have been converted into 
adult man days by using the conversion factors applied in 
the studies [11]. 
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` K=value of. fixed- assets on the farm in 
rupees (includes value of land, ma- 
chinery, and implements). 5 
w= wage rate per day in rupees (derived by 
dividing total wage bill byt total number 
of days), 
q=rental of capital per unit in rupees (de- 
rived by dividing the share of capital in 
value added on each farm by the total 
amount of capital on the farm; share of 
capital in value added has been calcu- 
lated by subtracting the wage bill and 
expenditures on seed, fertilizers, and irri- 
gation from the total output; expen- 
ditures on seed, fertilizers, and irrigation 
are the measures for intermediate in- 


puts), 
and 


e= error term. 


The logarithm of the share of labor relative 
to capital in value added can be obtained by 
subtracting log(q/w) from the estimated 
equation (3). It gives all the components of 
the relative factor shares. The logarithm of the 
labor intensity parameter (1—68/8) is derived 
from the estimated intercept term. The log- 
arithm of S can be expressed as [7]: 


A 
ô 


+e- 1) 10g (4) +e 





logS = z1og( 
(4) 


where all the terms are as defined previously. 

It is, however, well known that there are 
imperfections in the labor market in a dual 
agrarian economy such as India’s [20]. Al- 
though the proportion of hired labor to total 
labor is very low on the small farms, it is rela- 
tively high on the large farms, Family labor 
usually is willing to work on the family farm at 
less than the going market wage rate, yet the 
surveys impute the value of family labor at the 
going market wage rate. This is one of the main 
imperfections in the labor market for a dual 
agrarian economy. To take out the effect. of 
this imperfection in the labor market, a farm 
size dummy variable was added in equation 
(3). Also, since two years of post-technical’ 
change data were used, a dummy variable was 
added to account for the time differences. The 
final estimating form of equation (3) is as 
follows: 
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‘Table 3. Estimated parameters of equation (5) 





` 1-3 
Uttar Pradesh 
1956-57 —1.8002* 0.2453" = 
(0.0366) (0.0308) 
1967-69 —1.8259* 0.4853* 0.0469* 
(0.0767) (0.0506) (0.0144) 
Punjab 
1955-56 —1.9513* 0.1744° -= 
(0.0674) (6.0355) 
1967-69 —2.1155° 0.2755* 0.0672* 
(0.1171) (0.0472) (0.0243) 


g Actual Computed 
& d.f. R log log S log S 
~0.0077 191 0.4582 —1.0857* —0.9730 —0.9809 
_ (0.0292) (0.4597) 
—0.0918* 295 0.6511 —1,5115*. — 1.0862 —1,0481 
(0.0142) (0.1473) , 
—0.0277 192 0.4204 —1.7690* —0.3013 —0.3141 
(0.0240) (0.3247) 
—0.1347* 292 0.6052 —2.1691" —0.5338 —0. 5440 
(0.0457) (0.2681) . 





* Significantly different from zero and one at 1 percent probability level. 


ws) > Cr) 
og T = g log ; 


(5) 
+ alog |— ) + ġidi + fsha +e 


where 


di= year dummy variable. Tt takes the value 
zero for the observations of 1967-68 and 
value one for the observations of 1968-69 
for each of the two regions. This variable 
has been included only in the case of 
post-technological change data. 

da= farm size dummy variable. It takes the 
value zero for the observations relating 
to the farmers having below 10 acres of 
land area, and value one for the farmers 
having 10 acres or more.’ 


_Estimated parameters of equation (5) are 
presented in Table 3. All the parameters, except 
for the farm size dummy variable in the mid- 
.1950’s, are significantly different from zero and 
one at the 1 percent probability level. However, 
before the charges in share of labor relative to 
capital were computed on the basis of esti- 
mated parameters at different points of time, 
it was necessary to test the null hypotheses:? 


* The division of less than 10 acres and 10 acres and 


above is also suggested by a study on the Telative efficiency. 


of farm size groups [14]. . 

1 In testing the null hypothesis, the pooled standard 
errors are computed by not assuming that variances of two 
populations are equal. It can be expressed as: 


SE = V518/m1 + s/n: 
where A 


SE=pooled standard errors, 
sı = computed standard error for the parameter in the 
mid-1950's, 
5,= computed standard error for 1967-69, 
#ı= number of observations in the mid-1950’s sample, 


log (1—8/8)10s-ss=log (1—8/8)1s67~29, o1955—56 
=aiesso, and log (q/w)106s-se=log (¢/w) 1967—69. 
All the parameters in 1967-69, except 
log({— 8/6) in Uttar Pradesh, are significantly 
different from the parameters in 1955-56 at 
the 1 percent probability level. The parameter 
log (1— 8/8) for Uttar Pradesh in 1967-69 is 
significantly different from the 1956-57 esti- 
mates at the 10 percent probability level. Thus 
there has been a significant change in all the 
relevant parameters. 

It can be seen that there hasbeen a decline 
in the labor intensity and factor price ratio 
(q/w). But there has been an increase in the 
elasticity of substitution between capital and 
labor in both regions included in this study. A 
decline in the parameter of labor intensity and 
factor price ratio causes a decline in the share 
of labor relative to capital [6, 7]. Similarly an 
increase in the elasticity of substitution also 
causes a decline in the share of labor relative 
to capital (when labor intensity and factor 
price ratios are less than unity). Expected 
changes in the share of labor relative to capital 
(S) have actually taken place (Table 3). It can 
also be noted that the computed relative share 
of labor (computed on the basis of estimated 
parameters) is very close to the actual share. 
The error in the computed. estimates of S is 
less than 1 percent of the actual estimates in 
all cases. It is interesting to note that as com- 
pared to Uttar Pradesh, there has been a 
marked decline in S in the case of Punjab. As 
shown in Table 1, Punjab has undergone a 
rapid mechanization as compared to the rest of 
the regions in India. 





and 
m=number of observations in the 1967-69 combined 


sample. 
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Importance of Various Forces Affecting 
Relative Income Shares 


To determine the importance of forces af- 
fecting the relative income shares, the effect of 
a unit change in each of the three parameters— 
elasticity of substitution (e), factor price ratio 
(log [g/w]), and labor intensity (1—5/8)—on 
log S (ratio of labor share to capital share) was 
evaluated (Table 4). It was determined that a 
unit change in c is the most important contrib- 
utor to the change in the relative share of 
labor (log S) at both points of time in Uttar 
Pradesh as well as Punjab. The other two 
forces are, according to importance, log (¢/w) 
and log (1—6/8). Absolute importance of pa- 
rameters e and log (1— 8/8) has increased in 
1967-49 as compared to the mid-1950’s (Table 
4). But the absolute importance of log (q/w) 
has declined in the 1967—69 period as compared 
to the mid-1950’s. Since capital has been the 
expanding factor, the rise in ø has contributed 
to a decline in the relative share of labor. An 
expanding use of capital has been encouraged 
by the decline in the factor price ratio (g/w) in 
addition to noneconomic factors [17]. Expan- 
sion in capital use is reflected by a strong de- 
mand for tractors, particularly in the Punjab. 


Implications of the Decline in Relative 
Share of Labor in Indian Agriculture 


The evidence presented above indicates that 
there has been a decline in the relative factor 
share of labor in value added. This decline has 
occurred despite a marked increase in the wage 
rate, particularly in peak season. It seems to 
indicate that technological change has been 
labor-saving in nature. What are the implica- 
tions of this change for the landless laborers 
who primarily depend on wage employment in 
agriculture for subsistence? This question 
should be examined in relation to the increase in 
labor force in the category of landless laborers. 

Agricultural labor force has been divided 
between the cultivators and agricultural la- 


Table4. Computed partial derivatives of log S 








f ð log S ölgs alog S 
Region Year ea M 
oe Slog (1-8/8) 8 log (g/m) 
Uttar Pradesh 
1956-57 2.8859 0.2453 0.7546 
y 1967-69 —3.3374 +0.4855 —0.5146 
Punjab 
1955-56 —3.7103 40.1744 —0.8255 
1967-69 — 4 2B40 +0.2755 —0.7245 
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` borers in Indian Census publications.* Census 


data indicate that the labor force in the cate- 
gory of cultivators and nonagriculture mar- 
ginally- declined or at best remained constant 
between 1961 and 1971.8 There was an in- 
crease, however, in the labor force in the agri- 
cultural laborers category in all the states in 
India. How can one explain the increases in 
agricultural laborers and marked increases in 
wage rates in recent years? The answer is that 
high yielding varieties of crops require plant- 
ing and harvesting operations to be completed 
in a very short period of time. ‘This sharpened 
the peaks in labor demand and thereby created 
a shortage of labor during that period, The 
seasonal shortage of labor pushed the wage 
rates upward. But there was not much im- 
provement in the demand for labor in the non- 
peak season. Overall demand for labor did not 
increase in direct proportion to the increases in 
output because of a decline in the labor inten- 
sity of the new technology. Therefore, despite 
the peak season ‘wage increases, the relative 
share of labor declined. ; 
Technological change in agriculture has, left 
to itself, failed to improve relative income 
shares of agricultural laborers. Under these 
circumstances, apprehensions have been ex- 
pressed over government policies to permit and 
aid mechanization in Indian agriculture [17, 
19, 21]. Rao [19] has supported a policy of 
selective mechanization in the states like 
Punjab on the grounds that the prohibitive 
cost of biological energy and acute shortage of 
labor during peak season form serious con- 
straints in increasing output in these areas. 
Also, use of tractors increases crop intensity 
and thereby increases output. But at the same 
time it is necessary to provide work to the 
landless laborers during the off-season to 
guarantee them a basic minimum income. To ac- 
complish this task, a wide range of rural works 
programs has been suggested [8, 15]. These 
programs can lead to further increases in out- 
put and labor demands. Domestic food sur- 
pluses can be used to sustain the rural works 
programs. The State of Maharashtra in India 
has already taken the lead in this direction. 


8 Only about 39 percent of landless laborers owned some 
land in 1961. 

? A decline or constancy of labor force among the cate- 
gories of cultivators and nonagricultural sector shows up 
primarily because of a sharp decline in female labor par- 
ticipation and a slight change in definition of female labor 
in the 1971 census. ! 
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Estimating Educational Production Functions for Rural 
High Schools: Some Findings 


Ricuarp F. BEKER ann Kurt R. ANSCHEL 


This study construed the formal educative process of students in five rural high schools in Ken- - 
tucky in a production function context. The student was used as the basic observational unit 
and the curriculum as the basic educative unit. Production relationships were found to be 


significantly different between curricula. 


“What makes a good school?” The old 
answer was a school that maintained a 
“high standard of plant and equipment; that 
had a reasonable number of children per class- 
room; whose teachers had good college and 
often graduate training; a school that kept up to 
date with curriculum developments, and was 
alert to new techniques in instruction.” As the 
President knew, this is no longer a satisfactory 
answer. Educational research has ‘“demon- 
strated that this direct, uncomplicated rela- 
tionship does not exist” [11, pp. 2-3]. As a 
result researchers from many disciplines are at- 
tempting to find a new answer to the question. 
One of the more promising approaches has 
entailed applying firm theory to the educa- 
tional process. The school is viewed as a pro- 
ductive system in which certain factors are ap- 
plied to achieve known, desired results. This 
study construes the formal educative process in 
the production function context as have previ- 
ous studies [1, 4, 8, 9, 12, 14]. However, instead 
of using the school! district as the basic educa- 
tive and observational unit, the study denotes 
the student as the basic observational unit and 
the curriculum as the basic educative unit. The 
objective of the study is to determine whether 
production relationships differ significantly be- 
tween different curricula within rural high 
schools when a single standardized achieve- 
ment test is used to measure achievement in all 
curricula. More basically, the study seeks to 
determine whether the quality or efficiency of 
multiple-curriculum high schools can be eval- 
uated by the use of a single objective function. 
Results of standardized achievement tests 
have been the most commonly used measures 
of quality or output in estimating production 
and cost functions for schools and school dis- 
tricts [1, 4, 9, 12]. The validity of such estimates 
Ricwarp F. Brexer ts associate professor of economics at 
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È 1970 President Nixon asked the question, 





is clearly dependent upon the validity of using a 
single standardized achievement test as the 
sole measure of school (district) quality or out- 
put. 


The Model 


It is hypothesized that the educational 
achievement of an individual student during a 
specified educative period depends upon the 
level of resources invested in the student by 
the school system, the student’s innate ability, 
the student’s motivation, and the extent to 
which the student’s family supports and com- 
plements the formal educative process. In 
theory the formal educative process can be 
represented as a function: 


A = f(X1, Xs, Xa, Xo Xs, Xo) 


where 


A=student achievement as measured by 
the Stanford Achievement Test. Two 
measures of achievement are used: the 
absolute change in the student’s achieve- 
ment during the educative period 
(A:—At-1), and the relative change in 
the student’s achievement during the 
educative period ((A:—At1)/Ara) 

Xi=per pupil expenditure on guidance, 
teaching, and administrative personnel 
during the educative period é—(#—1), 

Xı= per pupil stock of plant facilities avail- 
able at time :—1, 

Xs=per pupil stock of instructional equip- 
ment available at time t— 1, 

X4=student mental ability as measured by 
the Otis-Lennon Mental Ability Test, 

Xs=a scaled measure of student motivation, 


and 
X= parent’s average grade attainment. 
Specification of achievement in terms of ab- 
solute change (A;—A+-1) assumes that the stu- 
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dent’s starting point does not significantly af- 
fect his rate of incrémental achievement during 
the specified educative period. On the other 
hand, the use of relative change in student 
achievement assumes that the student’s start- 
ing point does significantly affect his rate of in- 
cremental achievement. The level of the stu- 
dent’s achievement (A;) is not used. Such a 
measure assumes that a student’s educational 
experience (e.g., the quality of the school that 
he attends) after time {—1 does not differ sig- 
nificantly from his educational experience be- 
fore time !—1. Such an assumption is not war- 
ranted. 

Use of expenditure variables is only one of 
several ways to measure school inputs. The ad- 
vantage of using expenditure variables is that 
they are more easily quantifiable and more 
meaningful from a policy standpoint than 
quality variables. It is probably reasonable to 
assume that, on the average, there is a signifi- 
cant positive correlation between the quality of 
inputs and their cost. Use of per pupil measures 
of expenditure is justified in this study because 
of the limited variation in the teacher (class- 
room)-class ratio and average class size of the 
sample schools. Also, because of the limited 
variation in average daily attendance among 
the sample schools, the model assumes no econ- 
omies or diseconomies of scale. ; 

In addition to school input variables, a stu- 
dent’s educational achievement depends upon 
his innate ability. In a production function con- 
text, an ideal measure of ability would be one 
that is completely independent of the measure 
used for educational achievement. In practice, 
however, two completely independent mea- 
sures are difficult to generate. Since achieve- 
ment tests and mental ability tests tend to 
measure the same thing [5], to the extent that 
the two measures overlap they are not truly in- 
dependent ‘as required by the ordinary least 
squares model used in this analysis [10]. This 
element of simultaneity is reduced by measur- 
ing ability at a point in time and achievement 
in an incremental context. 

Another important factor affecting the stu- 
dent’s achievement is his motivation. The basis 
of the motivational scale developed in this 
study is a battery of five questions. The rela- 
tive levels of motivation of the students were 
ordered, and a unidimensional eight-point scale 
was constructed by the Guttman procedure.! 


1 The items used for establishing the motivation dimen- 
sion met the criteria for scalability as specified by Guttman. 


Am. J. Agr. Econ. 


Finally, the student’s change in achievement 


-during the specified educative period depends 


upon the extent to which his family supports 


‘and complements the formal educative process 


during that period. Parent’s average grade at- 
tainment is used as a proxy for the family’s 
support of the formal education process. 

While the above functional relationship is 
formulated as a general one for all students in a 
school, different curricula within a school are 
designed to generate different skills or have 
different objective functions, In this study a 
separate objective function is denoted for three 
curricula: academic, general, and vocational. 
The classification with respect to curriculum 
for the individual student was made on the 
basis of the types of courses he was enrolled in 
during the specified educative period. 

Although a different objective function is 
denoted for each curriculum, a single test, the 
basic high school battery of the Stanford 
Achievement Test, is used to measure’ the 
achievement of students in all three curricula. 
Since this test measures achievement in basic 
academic skills, it measures a greater propor- 
tion of the skills generated in the academic 
curriculum than in the general and vocational 
curricula. Accordingly, it is posited that the 
relationship between inputs into the formal 
educative process and incremental student 
achievement differs between the students en- 
rolled in the academic curriculum and those 
enrolled in the general and vocational curricula. 


. The Data and Findings 


Data used in the analysis were obtained for 
226 11th grade students in five high schools in 
rural Kentucky. The educative period for these 
students is defined as the 1967-68 and 1968-69 
school years. Group and common means as well 
as the results of one-way analysis of variance 
tests are summarized in Table 1. These results 
indicate that the absolute change in achieve- 
ment is significantly different between the three 





For the rationale of Guttman Scale analysis see Remmers 
[13, pp. 96-118]. 

2 At the time of the survey the population of 11th grade 
students enrolled in these five schools was 277, but because 
of incomplete test data, 51 were not included in the anal- 
ysis. Twenty-three of the students moved into the school 
districts after the first achievement test was administered. 
The remainder were absent when either one or both of the 
achievements tests were administered. The deleted stu- 
dents appeared to be randomly distributed among the three 
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Curriculum group means, common means, and F ratios for 226 11th grade students 


in five high schools in Kentucky for the 1967-68 and 1968-69 school years* 














Curriculum Mean Values å 

: ommon ? Rati 

Variable Academic Vocational General Mean F Ratio 
N=44 N=86 N=96 

Ads 29.8 22.8 23.0 24.2 2.63* 
drta 14 116 "434 128 96 

t-l 
X 507.0 532.8 508.2 517.1, 1.86 
X 1238.2 1053.8 994.2 1064.4 1.51 
X: 157.1 274.5 203.6 221.4 29.44" 
xX 97.6 96.1 91.7 94.5 4.30% 
X 5.9 6.0 5.9 5.9 20 
Xs 8.0 8.3 7.8 8.0 1.88 





* Significant at .10 level. 

* Significant at .05 level. 

*** Significant at .O1 level. 

* See text for definition of variables. 


curricula at the .10 level. The relative change 
is not significantly different partly because of 
differences in the initial levels of achievement 
between curricula. Average absolute change in 
achievement for students in the academic cur- 
riculum is 29 percent higher than the average 
for students in the general curriculum and 30 
percent higher than the average for students in 
the vocational curriculum. Average relative 
change in achievement for students in the aca- 
demic curriculum is 9 percent greater than the 
average for students in the general curriculum 
and 24 percent higher than the average for 
students in the vocational curriculum. 

Of the three school inputs, only per pupil 
stock of instructional equipment (X,) is sig- 
nificantly different among the three curricula. 
The average per pupil stock for students in the 
vocational curriculum is 35 percent higher than 
the average for students in the general curricu- 
lum and 75 percent higher than the average for 
students in the academic curriculum. 

Average mental ability (X4) of students in 
the general curriculum is significantly dif- 
ferent from the mental ability of students in the 
other two curricula, However, the average for 
students in the academic curriculum is not sig- 
nificantly different from the average for stu- 
dents in the vocational curriculum. These find- 
ings suggest that the general curriculum is a 
catchall curriculum for those students not se- 
lecting (or selected by) the vocational or aca- 
demic curricula. The other student variable, 
motivation (Xs), is not significantly different 
among the three curricula. Finally, compari- 
sons indicate that the family background of the 





students as measured by parents’ average grade 
attainment (Xe) is not significantly different 
between the three curricula. 

Results of fitted regression equations for both 
the absolute and relative change in achieve- 
ment by curriculum are shown in Table 2.3 The 
equations are linear in terms of the logarithms 
of the variables. The findings with respect to 
the school variables support the hypothesis 
that the model is more appropriate for explain- 
ing change in achievement of students in the 
academic curriculum than that of students in 
vocational and general curricula. The coefh- 
cients of all of the school variables are positive 
in the equations for the academic curriculum. 
While not significant in the log form, X; is sig- 
nificant at the .01 level in the linear form, but 
in this form X; is not significant. In contrast to 
the academic curriculum, the school variables 
X: and X; are not significant in either equation 
for the general and vocational curricula, and 
the signs of X; are consistently negative. 

While the relationship between ability and 
incremental achievement differs between stu- 
dents in the academic curriculum and students 
in the general and vocational curricula, the 
difference is in the opposite direction of that 
expected. Coefficients in the equations for the 
general and vocational curricula are statisti- 
cally significant while those for the academic 
curriculum are not significant. The initial sup- 
position that lack of significance in the equa- 


4 Deletion of insignificant variables from the equations 
did not significantly change the regression coefficients or the 
standard errors of the remaining variables. 
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Table 2. Fitted regression equation for the relative and absolute changes in student achieve- 
ment in basic subjects by curriculum* ; 




















Per Pupil 
enditure Per Pupil Parents 
Curriculum and pas Per Pupil Stock of Student Student Average Number 
Measure of Intercept Guidance and Plant Instructional Ability tion Grade Rt Observa- 
Achlevemen: mninistros (Xs) Equipment (Xo) (Xa) ttep ent tions 
: (X) 
Academic 
L Aå —7.62 -26 1.08** 0.73° 0.36 0.31 —0.33 «40 44 
(1.54) (2.66) (2.21) (0.26) (0.59) (0.52) 
Ain 
—6.09 1:12 1.41 0.73* -1.53 0.42 —0.53 .39 
Aes (1.37) (2.96) {2.21} (1.13) (0.80) (0.85) 
Vocational $ 
I, AiAi —2.34 ~1.79 0.06 0.90 2.80** 0.72 0.14 12 86 
(1.53) (0.12) (1.40) (2.30) (1.33) (0.22) 
Aidi 
~1.14 1.74 ~0.04 0.89 1.26 64 ~—0.32 .06 
Apa (1.45) (0.07) (1.36) (1.02) (1.15) (0.51) 
L AiAi —6.07 ~—1.45* 0.61 0.44 4.17°%* 0.32 —0.18 AD 96 
(2.14) (1.30) (1.30) (3.67) (0.79) (0.47) 
AiAi 
—4. 96 —1.42* 0.61 0.45 2.44* 0.32 —0.22 AL 
Apa (2.09) (1.47) (1.30) (2.13) (0.77) (0.55) 





* Significant at .05 level. 
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tions for the academic curriculum was caused 
by “topping out” on the achievement tests by 
the brighter students was dismissed after find- 
ing that students in the upper quartile with re- 
spect to mental ability did not have signifi- 
cantly different raw scores on either of the two 


achievement tests than students in the third. 


‘quartile. Nevertheless, several plausible ex- 
planations remain. Perhaps only some mini- 
mum level of ability is required for achievement 
in the academic curriculum, and once this level 
is attained other factors become more impor- 
tant in determining achievement. Possibly the 
academic curriculum is designed for the average 
student and the superior student is unable to 
capitalize on his inherent ability. 

The signs of the coefficients for student mo- 
tivation are positive for both equations in all 
three curricula. However, the coefficients are 
not significantly different from zero in any of 
the equations. 

The coefficient for parents’ average grade 
attainment (Xe) is not significant in any of the 
equations for any of the curricula. However, 


4 “Topping out” occurs when the ceiling built into a test, 
i.e., the maximum possible score, is not high enough for 
some of the students taking the test [9]. The F ratios ob- 
tained when testing for differences in A; and Ay. were 
2.44 and 2.50, respectively. 


the sample variation about the mean of this 
variable is limited for all curricula. When sam- 
ple observations are so clustered, it is question- 
able whether this variable captures the full ef- 
fect of differences in family support of the for- 
mal educative process. Furthermore, stochastic 
and measurement errors exert greater leverage 
when observations are so clustered, causing the 
estimate to be less reliable. 

The comparative explanatory power of the 
model is also indicated by the R? values. For 
the academic curriculum the model explains 40 
percent of the variance in the absolute change 
in achievement and 39 percent in the relative 
change in achievement. The corresponding R? 
values for the general curriculum are 19 and 11 
percent, and for the vocational curriculum 12 
and 6 percent. 

To test whether the sets of regression coeffi- 
cients between the curricula are significantly 
different, i.e., whether the samples of the three 
groups belong to the same regression, the F 
statistic developed by Chow was used [3]. Re- 
sults of the tests indicate that the set of coefh- 
cients for the academic curriculum is signifi- 
cantly different from the sets for the vocational 
and to a lesser degree the general curriculum. 
However, the set of coefficients for the general 
curriculum is not significantly different from 
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the set for the vocational curriculum in either 
of the two equations. 


Conclusion 


While admittedly derived from a narrow data 
base, the empirical evidence presented in this 
study supports the hypothesis that there is no 
unique function to describe the relationship 
between high school inputs and product; rather 
each curriculum must be analyzed individually. 
This hypothesis is supported by two results of 
the analysis. First, the coefficients of the equa- 
tions for the vocational curriculum and to a 
lesser degree the general curriculum differ sig- 
nificantly from those of the academic curricu- 
lum. This indicates that the relationship be- 


5 Values of the F ratios (2.14, 2.11) exceeded the critical 
value of 2.08 (F.a; 7, 116) when equations for the academic 
curriculum were tested against equations for the vocational 
curriculum. When equations for the academic curriculum 
were tested against those for the general curriculum, the 
F ratios (1.72, 1.68) approached the critical value of 
1.77 (Fas; 7, 126). When the consistently insignificant 
variables (Xs, Xs) were deleted from the equations, the 
corresponding F ratios (2.78, 2.73) and (2.34, 2.24) exceeded 
the critical values of 2.29 (F eg; 5, 120) and 1.90 paia F 
130), respectively. 
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tween inputs and product differ among the cur- 
ricula, and the functions must be fitted sepa- 
rately. Second, the R? values for the vocational 
and general curricula were extremely low, indi- 
cating that achievement as measured by the 
Stanford Achievement Test is an inadequate 
and inappropriate measure of the products of 
these curricula. Although it is possible that low 
R? values reflect inadequate specification and 
measurement of the independent variables (and 
probably do to some extent), it is the contention 
of the authors that relatively high R? values for 
the academic curriculum imply the failure is in 
the measurement of product, not factors. Fac- 
tors for the three curricula do not differ greatly 
in substance, only in quantity. Hence, it must 
be the product that is poorly measured. 

It is conceded that a systematic delineation 
of the separate programs within local schools 
will not be an easy task. Construction of indices 
to measure the quality of these programs will 
be even more difficult. Nevertheless, the find- 
ings of this study indicate that these are the 
necessary first steps in developing a suitable 
methodology for evaluating the quality and 
efficiency of local school systems. 
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THE AGRIBUSINESS SECTOR—AN IMPORTANT LINK 


rd 


A major diffculty with the application of 
existing two- and three-sector growth models is 
that they do not identify clearly enough the 
main sectors that interact in the process of eco- 
nomic transformation. In two-sector models, 
economic activity is divided into agriculture and 
industry. Three-sector models add services as a 
sector. With these models emphasis is upon the 
relationship between agriculture and industry 
in the process of economic development. But in 
that process a part of agriculture moves, un- 
noticed, into the nonagriculture sector as agri- 
business. 

This note discusses the usefulness of a growth 
model that would include agribusiness as a 
sector. Attention is given to the importance of 
agribusiness as a growth sector in developing 
countries; the relationships between farming 
and agribusiness; and some of the data prob- 
lems involved in constructing a model. 

The proposed model would identify on-farm 
production and processing activities as a farm- 
ing sector; off-farm activities related to farm 
inputs, processing, storing, and handling farm 
products as an agribusiness sector; and non- 
agriculture as a third sector. The model -would 
be used to reveal the interactions between tech- 
nological change in farming and the growth of 
off-farm activities essential to modern agricul- 
ture, in order to identify areas in an economy 
where intervention or assistance could be ap- 
plied to promote economic development. 


Agribusiness Growth and 
Economic Development 


Industries for processing and handling farm 
products usually are among the first important 
industrial activities to emerge in the modern or 
semimodern sector of a developing economy. 
The importance of these activities at early and 
later development stages in selected countries 
is shown in Table 1 as reported in [5, pp. 91 ff.]. 
Even though the relative importance of the 
agriculture-based industries declines with de- 
velopment, they continue to be important. 

Agriculture-based industries have strong 
linkages with other sectors of the economy. An 
ECAFE study [4] reported that the total de- 
mand effect resulting from increased demands 
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for agricultural processing and textile products 
was greater than for any other manufacturing 
sector. These-intersector linkages add to the 
value of separate identification of the agri- 
business sector. . 

An indication of the growing importance of 
post-farm agribusiness activity. with economic 
development is provided by changes in the mar- 
gin between farmers’ receipts and consumer 
spending for food. In the United States the 
farmers’ share of retail value of food has de- 
clined from 50 percent in 1947-49 to 39 percent 
in 1970 [12, pp. 6, 10, and 471]. A study of 
Indian market areas reported that in 1949-50, 
producers received 80 to 90 percent of the re- 
tail price of maize [7, p. 333]. The ratio between 
the cost of purchased inputs and the value of 
farm production also tends to rise during de- 
velopment. In the United States, the value of 
major purchased inputs was 17 percent of farm 
income in 1948 and 28 percent in 1970 [10, pp. 
489-491]. In India the value of major pur- 
chased inputs was reported to be only 2.5 per- 
cent of the value of farm production in 1964 
[6, p. 20]. 

The relationship between economic develop- 
ment and changes in the farming and agribusi- 
ness sectors has been explored for several coun- 
tries by Simantov [8], who states the following 
three principles: 

1. Among countries, the value added by farm 
production as a share of Gross Domestic Prod- 
uct is inversely correlated with the level of 
GDP per capita. Over time, the share going to 
farmers tends to decline for all countries. 








Table 1. Share of manufacturing output from 
agriculture-related industries at 
early and later stages of develop- 
ment, selected countries and areas 

Early Period Late Period 
a Share of Share of 
om Date eli még. Date all míg. 
percent percent 
United States 1879 7 1960's 30 
Canada 25 61 1961 46 
Italy late 1800's 75 1961-1964 30 
Sweden 1896-1900 5 1959-1960 30 
Australia 1934-1935 55 1961-1962 31 
E. & 5S. E. Asia 1948 1958 67 








Source: Adapted from [5, pp. 91 &.]. 
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2. Off-farm inputs as a proportion of all farm 
production inputs rise as economic develop- 
ment proceeds. But off-farm inputs tend to 
remain a stable percentage of GDP. For the 
countries studied, this ratio centered around 
2.5 to 3.5 percent of GDP. 

3. The trend in margin of consumer expendi- 
tures for farm products over farmers’ costs 
(including purchased inputs) also tends to'be 
similar among countries at the same stage of 
development and to remain a constant percent- 
age of GDP. For the countries studied, this 
margin was clustered around 8 or 9 percent of 
GDP. 

A study by Dovring suggests that the Siman- 
tov percentages apply reasonably well to 
growth of the agribusiness sector in many 
countries except at high income levels [2, p. 3]. 

A few studies have been made of the magni- 
tude of the agribusiness sector in the United 
States in terms of labor requirements. In an 
early study Davis and Goldberg [1] examined 
the whole process of producing, handling, and 
distributing agricultural products, including 
the production of inputs and the marketing of 
farm products. They also made allowance for 
secondary and tertiary labor requirements, in- 
cluding, for example, the labor that went into 
mining of iron and coal that went into the pro- 
duction of farm tractors. As derived by Davis 
and Goldberg, workers on farms were only 17 


percent of the U. S. labor force in 1947, but 


about 40 percent of the labor force was em- 
ployed directly or indirectly, in.total or in part, 
in agriculture and agribusiness, 

Other studies of employment in agribusiness 
in the United States give lower figures for off- 
farm employment. Dovring and Gossling [3, 
p. 12] estimated the full-time man-equivalent 
labor required for off-farm production and ser- 
vicing of farm inputs was about two million 
man-years in 1965. With respect to labor used 
in marketing, the U. S. Department of Agricul- 
ture estimates that the number of persons on a 
full-time equivalent basis who were engaged in 
marketing farm foods for U. S.-civilian consum- 
ers was 5.3 million in 1970 including 1.3 million 
in manufacturing, 0.6 million in wholesaling 
and assembling, 1.5 million in retail stores, and 
1.9 million in restaurants and other eating 
places [11]. Workers on nonfood products and 
on production for export are not included. The 
Dovring and USDA estimates indicate that 
total number of United States workers em- 
ployed in agribusiness is- considerably more 


Communications / 521 
than twice the approximately 2.7 million man- 
equivalent workers on farms, assuming 2,400 
hours per worker [10, p. 492]. 


The Proposed Three-Sector Model 


The proposed model includes sectors of 
Farming, Agribusiness, and All Others. 
The Farming Sector would include: 


1. Farm-related activities of farmers includ- 
ing work on other farms. 
2. Inputs of family and hired labor. 


The principal components of Agribusiness 
would be: 


1. Production, distribution and application 
of inputs of nonfarm origin, including those 
made by landlords, and the nonfarm portion 
of feed and seed inputs. Construction of farm 
structures and land improvements when not 
done by farmers. 

2. Credit services to farmers. 

3. Marketing and processing of farm pro- 
ducts. 

4. Off-farm storage. 

5. Transportation of farm products. 

6. Advisory, grading, and regulatory services. 


The third sector would include all other eco- 
nomic activities. It would probably be neces- 
sary to include here some inputs related to farm 
production, such as general education, road 
building, and communications, because of the 
problem of allocating a share to agriculture. 
The third sector might also contain activities 
remotely related to farm and agribusiness pro- 
duction. For example, farm equipment manu- 
facture would be part of agribusiness, but pro- 
duction of the coal used in the manufacture of 
farm equipment might be considered nonagri- 
culture. Inclusion in agribusiness of such de- 
rived demands for production resources could 
add to the problems of estimation without con- 
tributing much to the value of the model. The 
main need is to identify the manpower, invest- 
ment, and managerial requirements, and the 
outputs of the various specific agribusiness in- 
dustries. 

The proposed model would not serve all pur- 
poses and would not replace present two- and 
three-sector models. But it would be especially 
useful for study of the agricultural development 
process, permitting examination of interactions 
between the farm and off-farm sectors of the 
food and fiber industry and the relations of 
these two sectors to the rest of the economy. 
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Data Problems of an Agribusiness Sector. 


Preparation of estimates for an agribusiness 


sector would pose substantial, but not insuper- 
able definitional and data problems. For coun- 
tries that have income or production data on 
the basis of the International Standard Indus- 
trial Classification, several agribusiness indus- 
tries can be identified directly. Others would 
require estimation of the fraction related to 
agriculture. 

The United Nations Department of Eco- 
nomic and Social Affairs publishes data on em- 
ployment and value of output on an industry 
basis for 69 countries [9, Vol. I]. Information is 
available for each year since 1957 and for some 
countries since 1953, according to ISIC codes 
for 20 industry groups that would permit iden- 
tification of the following important agribusi- 
ness related activities: food products (meats, 
dairy, and preserved fruits and vegetables); 
beverages; tobacco; textiles; footwear, wearing 
apparel, etc.; and leather and leather and fur 
products. 

The United Nations also publishes quantita- 
tive production data for 315 industrial com- 
modities for 67 countries [9, Vol. II]. There 


are separate categories, according to ISIC 


codes, for most of the important processed agri- 
cultural commodities; fats and oils, animal 
feeds, fertilizers, specified farm implements, 
and specified processing equipment. United 
Nations statistics cover only industries, not 
services. l 

Countries that have good input-output data 
offer the best opportunities to develop the pro- 
posed three-sector model and to analyze the 
linkages and complementarities among sectors 
and sub-sectors. Some work along this line has 
been done for India by Hendrix and Giri, using 
the 62-sector input-output tables for 1964—65 
[6, Chs. 4 & 5]. The work of Davis and Goldberg 
[1] is still worth consulting for examples of the 
procedures involved in estimating the fractions 
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of- various industries and services related to 
agriculture. i 


Summary and Conclusions 


Models of rural-urban transformation for 
developing countries are inadequate to explain 
and quantify processes by which food and fiber 
production and distribution are transmuted 
from primitive and largely self-sufficing activi- 
ties into a purchased input-farm production- 
commercial distribution complex. Oversimpli- 
fied models obscure the process by identifying 
agriculture only with on-farm activities. If mis- 
interpreted, they can exaggerate the labor dis- 
placement effects of farm mechanization, under- 
state agriculture and agribusiness’s share of 
national income and employment, and obscure 
the dynamic and rapidly growing farm input, 
processing, and distribution activities. These 
models are of limited help to planners in iden- 
tifying and assigning priorities to sector needs 
for resources, investment, and training. 

The proposed model would include sectors 
for (a) farming, (b) agribusiness, and (c) all 
other. Inclusion of agribusiness as a sector 
would shed light on the growth of the system of 
services and inputs associated with farm tech- 
nological advance, and the linkages, comple- 
mentarities, and substitutions among the vari- 
ous components. The model would furnish 
an improved basis for the application of sys- 
tems analysis to development planning and 
would also be helpful in showing the importance 
of agribusiness as a creator of jobs and income 
in early stages of economic growth. Data re- 
quirements for separate identification of an 
agribusiness sector would be difficult, but much 
data are available or can be derived from 
United Nations statistics, augmented in a few 
countries by input-output tables. 

ORLIN J. SCOVILLE 

Kansas Agriculiural Experiment 
Station and Council of U. S. Universities 
for Rural Development in India 
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MECHANIZATION AND THE DIVISION OF LABOR IN AGRICULTURE 


American agricultural technology is depend- 
ent upon an abundance of cheap energy. An 
energy crisis in the future or even a substantial 
rise in the price of energy will require that agri- 
culture undergo a drastic reorganization. This 
paper investigates the nature and degree of 
agriculture’s dependency on cheap energy with 
the hope that it will lead others to think about 
what an energy crisis would mean for agricul- 
ture. 


“Cheap Energy” as a Source of Productivity 


Until the harnessing of fossil fuels on the 
farm, most increases in the productivity of 
agricultural labor could be explained by in- 
creases in capital, labor, and land. With the 
advent of the tractor on the farm, productivity 
rose faster than capital [23]. In fact, produc- 
tivity rose much faster than in industry [4, 6, 
15].! Much of this increase in productivity can 
be attributed to increases in purchased farm 
inputs [19]. 

As late as 1920, more than 20 million horse- 
power was provided by horses and mules that 
had to be fed from the land [11, p. 21]. Not only 
was land freed by the coming of the tractor, 
labor was also freed because one man plowing 
with a tractor could do the work of several men 
plowing with mules. Replacement of human 
energy by mechanical power is shown in Table 
1. 


Another advantage of mechanization is re- 
lated to the division of labor in agriculture. 
Earlier economists were not very optimistic 
about improvements in agricultural productiv- 
ity since they believed that it depended upon 
the division of labor and that there was not 
much scope for improvement in the division of 
abor in the farm. This point was made twice by 





1 Farm productivity may now be leveling off. The USDA 
‘ndex of Agricultural Productivity stood at 83 in 1955. 
During the next five years it rose to 96 and by 1965 had 
wii 101. Between 1965 and 1970 it fell to 99 [24, p. 
164]. 


| 


Adam Smith [22, pp. 6, 641] and was echoed 
by Jobn Stuart Mill: i 


Agriculture . . . is not susceptible of so great 
a division of occupations as many branches of 
manufacturers, because its different operations 
cannot possibly be simultaneous. One man can- 
not always be ploughing, another sowing, and 
another reaping. A workman who only practiced 
one agricultural operation would lie idle eleven 
months of the year. The same person may per- 
form them all in succession, and have, in most 
climates, a considerable amount of unoccupied 
time. [20, pp. 131-132; see also 1] ; 


Alfred Marshall also accepted the difficulty 
of the industrialization of agriculture which he 
said “cannot move fast in the direction of the 
methods of manufacturing” [18, p. 209]. 

But in fact, agriculture did move quite fast 
in the direction of manufacturing since’ the 
mechanization of agriculture meant that many 
jobs were transferred from the farm to the 
factory. For instance, the growing of hay for 


- horses was replaced by the refining of petroleum 


for tractors. Workers displaced by the new 
machines migrated to the city where many of 
them were employed in producing machines and 
other nonfarm inputs for their comrades who 
remained on the farm. Between 1919 and the 
present, U. S. industries have employed almost 
2 million man-years per annum in the produc- 
tion of goods and services used in American 
agriculture [9, p. 13]. 


Table 1. How mechanical power replaces 
human power 


Cost of 


: Man Hours 
Tractor Operating and 
Year Ho: wer Maintaining of piace rk 
Millions Farm Capital illio. E 
Million Dollars 
1920 5 13,406 
1950 93 5,640 6,922 
1960 154 8,310 4,590 
1969 204 11,500 / 3,81 
Source: [25] 
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Energy Use in Agriculture 


To show what high levels of energy consump- 
tion mean for agriculture, Fred Cottrell com- 
‘pared the energy budgets of Japanese and 
American farming [7]. He found comparable 
. statistics for two rice farms—one in Japan and 
the other in Arkansas. Each had approxi- 
mately the same yield per acre. In Japan an 
acre could be cultivated and harvested with 
about 90 man-days—equivalent to 90 horse- 
power hours. On'the Arkansas farm; more than 
1,000 horsepower hours of energy were used 
just to power the tractor and truck. Moreover, 
the nonresidential consumption of electrical 
energy exceeded 600 hp-hours. Cottrell did 
` not even include the energy required to produce 
the tractors and equipment. On a national level, 
U. S. farmers burned about 7 billion gallons of 
motor fuel according to 1965 statistics [26]. 
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The fertilizer industry consumes enormous ' 


amounts of energy. Current technology re- 
quires about 10’. calories for each kilogram of 
nitrogen fertilizer produced commercially [8, 
p. 204]. In 1969 United States farms consumed 
about 7.5 million tons of nitrogen. fertilizer 
which required about 2X10“ BTU’s, which is 
equivalent in heat value to more than 1.5 
billion gallons of gasoline or about 8 gallons 
for each American [24, p. 571]. But nitrogen 
fertilizer makes up only one fifth of our total 
commercial fertilizer supply [24, p. 570]. A. B. 
Makhijani [16] estimates that the overall 


average energy use in the fertilizer industry is. 


a little less than 210’ BTU’s per ton of fer- 
‘tilizer. Since the total 1969 fertilizer usage was 
about 40 million tons, Makhijani’s figures 
. represent a total of about 8X10“ BTU’s or a 
heat equivalent of more than 30 gallons of gaso- 
‘line for every American. : 

Energy costs for the production of farm im- 
plements amount to 4 gallons of petroleum for 
every American, not counting the energy costs 
of supporting industries [17]. 

Electricity also contributes greatly to farm 
production. In 1970 U. S. farms consumed more 
than 50 trillion BTU’s of electrical energy [13]. 
_ However, the production of one BTU. of elec- 
trical energy requires 3.07 BTU’s of fuel input 
[6, p. 8]. Thus farm electrical production 
actually represents more than 150 “trillion 
BTU’s or an equivalent of about 4 gallons of 
gasoline for every American, not counting the 
energy used by the supporting industries that 
supply that industry [17, p. 15]. 


element of farm efficiency [2 


.comes out very poorly. Harris [21; p. 262] esti- 


culture at its best could produce 53.5 BTU’s of 


‘This amount contains as much heat as a little less than 


ree J. Àg. Boni. 


The energy cost of the food processing a 7 


‘is also significant. Makhijani estimates that 
-this sector consumes about.10% BTU’s or an 


amount comparable to the consumption of 
energy by tractors [17, p. 12]. 

Much of the energy used in the distribution 
and processing of food should be charged to the 
organization of agricultural production that has 
minimized production costs through regional 
specialization. This specialization requires that 
food be transported longer distances and also 
that much food be processed to avoid spoilage 


in the often circuitous road from farmer to- 
‘consumer. In 1971 $6 billion was spent for 


transporting food by rail and inter-city trucks 
[24, p. 545]. Brown and Pilz estimate that 


transporting food from farmer to consumer 


requires an unrealistically low figure of 1 billion 
gallons by assuming that all products move by 
rail in fully loaded cars with no empty back 
hauls. 

Even the 1.8 billion gallons of fuel used for 
heating farm households are an important ' 
6]. Previously, 

“cutting wood absorbed as much if not more 
time than any single | task on the family farm” 
[12,. pp. 37-38]. j 

If efficiency is measured in terms of the con- 

seryation of energy, then American agriculture 



























mated that Traditional Chinese wet rice agri- 


energy for each BTU of human energy ex-. 
pended in farming it. But this energy came 
from: people who burned rice in their, bodies 
rather than fossil fuel. In the face of an energy 
crisis, the present pyst of agriculture could 
be irrational. 

One method of getting a handle on the en- 
ergy cost of agriculture would be to add the 
energy cost of operating tractors; the energy 
cost of ‘producing electricity and farm imple- 
ments; and the energy cost of the food process- 
ing industry. These activities require the equiv- 
alent of about 110 gallons of gasoline for every 
American, or three times the amount of calories 
consumed at the table in spite of the energy 
costs excluded from this calculation.2? Fo 





2The average American consumes about 3,000 kil 
calories daily, or an average of 4,280,000 BTU’s per annum 


gallons of gasoline. While some reviewers objected to 
comparison between human energy and fossil fuel energy. 
the fact remains that agriculture appears to be a net en 

drain. yo 
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instance, farmers purchase products containing 
360 million pounds of rubber, about 7 percent 
of total United States rubber production, and 
6.5 million tons of steel in the form of trucks, 
farm machinery, and fences [5, p. 20]. Farms 
consume about one third as much steel as the 
automotive industry [5, p. 20]. 

For each unit of energy the wet rice farmer 
expends, he can get more than SO in return; for 
each unit of fossil fuel energy we expend, farm- 
ers get one third in return. On the basis of this 
crude measure furnished by these two ratios, 
Chinese wet rice agriculture is more than 150 
times as efficient as U. S. agriculture. 


Conclusion 


Agriculture uses more petroleum than any 
other single industry [5, p. 20]; yet agriculture 
is not the only user of energy in our society. 
In 1970 the United States consumed about 
64,000 trillion BTU’s of energy. The average 
American consumes the equivalent of about 
2,000 gallons of gasoline per year; for instance, 
a typical American consumes the energy 
equivalent of about 10 gallons of gasoline an- 
nually just to watch a black and white televi- 
sion set [3, p. 7]. By that standard agriculture’s 
consumption of 100 gallons of gasoline to feed 
one person does not seem extravagant. Besides, 
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the U. S. uses more than 20 percent of its acre- 
age for exports which feed citizens of other 
nations, and some of our crops are used for in- 
dustrial purposes [24, p. 533]. 

The problem is that agriculture is supposed 
to be the energy producing sector of the econ- 
omy. Harvested crops capture solar energy and 
store it as food or some other useful product. 
Yet the energy captured is small compared to 
the energy burned in the process. If the world is 
facing a future with rising energy prices, the 
highly mechanized technology currently used 
in the U. S. may be inappropriate. 

MICHAEL PERELMAN 
California State University, Chico 


3 Some writers argue that crops have the potential of be- 
coming a major energy source for the economy. Kramer et 
al. points out that com silage grown as feed costs about 
$7.30/ton undelivered in 1971 and that the energy stored 
in this corn is equivalent to that of coal at $12/ton [14]. Of 
course the cost of corn silage “fuel” could be expected to 
rise as production increased to the point where the corn 
harvest could supply a sizable fraction of our energy needs. 
Besides, fossil fuels are a much more concentrated form of 
energy which makes their transport simpler. However, as 
one writer has pointed out, much of the “decline of (har- 
vested) materials before the onslaught of synthetic products 
in recent years is due to the enormous amount of scientific 
and technical research that has been carried out to ensure 
the fullest utilization of petroleum by-products. No com- 
parable effort has been made for plant products...” 
{10, p. 51]. 
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COMMONALITY, FISHERY RESOURCES, 


Professor O’Rourke in his pioneering paper 
detailed and explored the relationship between 
the physical yield of a fishery and the econom- 
ics of its operation [6]. In particular O’Rourke 
expressed concern with the implications of pol- 
icy measures to control and regulate a fishing 
industry to achieve its long-run economic po- 
tential. His analysis and literature review 
reveals only one avenue to deal with the com- 
monality problems arising, vz., that of resorting 
to outright and continuing government inter- 
vention. This note is aimed at offering one 
further solution to the regulatory problems 
posed by O’Rourke. It endeavors to achieve 
this regulation by relying in large measure on 
economic forces rather than outright public 
control. Nonetheless, some governmental inter- 
vention may be necessary at the outset in 
forming the industry into the particular eco- 
nomic configuration that produces these op- 
timal market forces. 


Cost Curves and Social Valuation 


The fishing industry cost curves deduced as 
theoretically correct and empirically derived 
by O’Rourke need further comment.! First re- 
call that the AC curve for the industry is iden- 
tical to the long run supply curve (denoted 
LRSP) and is delineated by the loci of the 
average cost associated with intersections of 
the long-run marginal cost and the short-run 

1 By far the best explanation combined with an explicit 
example of the derivation of these curves is given by 
Worcester [8]. This paper leans heavily on his analysis. Fur- 
ther theoretical refinements with the possibility of interest- 
ing policy implications are to be found in Gould [2]. 
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POTENTIAL AND POLICY: COMMENT 


marginal cost as number of firms fluctuates in 
response to changed industry demand. In 
Figure 1, with cost curves identical to Figure 
5 in [6], the AC curve or LRSP reflects tech- 
nological diseconomies over the range shown. 
With constant factor prices (as assumed here. 
and implicitly in O’Rourke’s article), this shape 
is due solely to the particular production func- 
tion of the industry. The technological real 
diseconomies shown are external to the firm 
but are internal to the fishing industry, and 
such diseconomies (and/or economies in other 
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cases) “occur when the firms comprising the 
industry are not able to equalize the ratios of 
marginal products to factor price ratios which 
reflect alternative costs, because one or more 
of the factor costs to the firm do not equal-op- 
portunity costs to the industry (or to society). 
This is often the case, when the technical pro- 
duction function of an industry is not accom- 
modated properly by the prevailing system of 
ownership, legal rights and the like. Techno- 
logical diseconomies exist when, in addition to 
discrepancies between the ratios of marginal 
products to opportunity costs, the firm’s aver- 
age and marginal cost curves shift upwards as 
the total demand for some resource rises thus 
generating a rising industry supply price” [8, 
pp. 873~874].2 As O’ Rourke notes (for the com- 
petitive fishing industry), the AC or LRSP 
curve is double-valued exhibiting a backward- 
bending section. Besides the fishing industry, 
this phenomenon of a backward-bending sup- 
ply curve has been observed in other common 
property resource fields, e.g., multiple-owned 
oil-fields. In essence, as Worcester [8] so ably 
illustrates, the absence of a charge on the com- 
mon property resource, i.e., fishing rights, 
pushes this freely entered industry to expand 
to the output where AC or LRSP equals price 
and abnormal profits are eliminated. But at 
this greater than optimal output, Q, in Figure 
1, marginal cost is well above average cost and 
price; thus a social loss illustrated by the tri- 
angle BXA is incurred, Fishing effort, i.e., 
scarce capital and labor, is being wasted. In the 
absence of a charge on fishing rights the indus- 
try has expanded to where the alternative mar- 
ginal contribution of these resources in other 
industries exceeds the marginal value product 
in fishing. O’Rourke notes that equating mar- 
ginal cost to price is the necessary rule to be 
followed to ensure an optimal industry output, 
both economically efficient and with exploita- 
tion below maximum. sustainable yield. A tax 
simulating the unpaid resource rent is among 
the most common possibilities usually can- 
vassed to achieve this end. A difficulty of this 
approach is that the size of the rent or charge 
would need to vary as the industry price and 
optimal output varies. “It will be a charge 


2 A further inherent assumption is involved here. The im- 
properly priced factor (in this case fishing rights) must be 
of use to one industry alone. Otherwise pecuniary external- 
ities and not technological ones would be involved and thus 
a different analysis required. 
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sufficient to make the private factor cost equal 
to its social cost” [8, p. 875]. 


Policy Measures 


Governments faced with the situation de- 
scribed above have often resorted to pricing 
the common fishery resource by a license type 
of tax on inputs or outputs, or in the extreme, ` 
promulgating restrictive regulations designed 
to reduce the efficiency of fishing effort [4]. A 
tax on output that reduced the landed price to 
fishermen to E (a point on the LRSP curve) in 
Figure 1, would bring about the required ad- 
justment to an optimal output and number of 
fishing firms. Nonetheless, besides being un- 
popular among fishermen and politically un- 
palatable, the administration of such taxes 
would be complex in their regulatory role. Ad- 
justments in the case of either type of tax 
would have to be made as factor costs, product 
prices, and technology changed, or induced 
output would be suboptimal. Given these com- 
plications, Worcester’s suggestion of allowing 
economic forces to regulate. a restructured in- 
dustry becomes attractive. 

The policy measure proposed is to create a 
simple maximizing monopsony in each inde- 
pendent market area. For income distribu- 
tional purposes the author suggests the further 
requirement that this monopsony be formed 
as a fisherman’s cooperative. As illustrated 
below, if the single buying authority acts as a 
simple maximizing monopsonist (not a dis- 
criminating one), the industry will be regu- 
lated to the optimum output and the result is 
an analogue of charging finely-tuned optimal 
rents on the fishery resource. 

As illustrated in Figure 1, the AR or demand 
curve represents the derived demand curve for 
the unprocessed landed fish. A maximizing 
simple monopsonist buys quantity Qm at price 
QmE and resells at price QnB (plus its value 
added per unit by handling and processing). 
This output is chosen as it maximizes profit 
to the processor.’ Profit is equal to BE per unit 
of production; BE is also equivalent to the 
optimal rent under competition necessary to 


3 As is well known, the simple maximizing monopsonist 
attempts to equate the marginal revenue product of the 
factor (shown by the derived demand curve for unprocessed 
fish in this case) with the marginal cost of the factor to him. 
The industry marginal cost curve M Cy, which is also the 
marginal social cost in this case, is the appropiate marginal 
cost curve of the factor to the monopsonist. In this way the 
external diseconomy is internalised within the industry. 
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equate marginal social cost with price. Hence 
as a result of the simple monopsonist seeking 
maximum profits, output is induced to an op- 
timal level where MC; (the marginal social 
cost) equals price and no welfare loss is in- 
curred. Overfishing is eliminated. Besides being 
a social optimum, this output is also stable 
‘ with respect to entry and exit of fishermen 
from the industry. The optimal price 0,£ paid 
to the fishermen is on the industry LRSP. This 
means that the correct equilibrium number of 
fishing firms and stable output is induced by 
paying this price. 

Informational requirements netessary to 
monitor the fishery in its restructured frame- 
work should not prove an insuperable obstacle. 
Bell’s model of the Northern Lobster Fishery 
appears of wider applicability, and such ap- 
proaches promise to provide the requisite de- 
cision variables without either overly heavy 
data or computational burdens [1]. 


Policy Implications 

While the problem of inducing optimum 
social output (which is of necessity below maxi- 
mum sustainable yield) is solved in an efficient 
manner by effecting the industry configuration 
given above, further desirable properties flow 
from the basis of the cooperative arrangement. 
First, unlike the case of multiple processing 
firms in each market, there is no incentive for 
the single processing authority to own its own 
vessels and ‘‘run their fishing operations at cost 
in order to secure adequate supplies of raw 
materials and... be content to make their 
profits from their processing and merchandising 
operations” [6, p. 591]. All available output is 
channeled to the single processor without need 
for direct control over the fishing operation. 
. There is no tendency to overfishing from any 
pressure on a processor to compete with other 
plants for throughput. Whatever profits are 
available from processing and merchandising 
are maximized at the optimal output Q, and 
are unaffected by ownership of vessels. A dis- 
criminating monopsonist, however, eg., a 
processing firm conducted by outright private 
enterprise, has both an incentive to own a 
portion of the fleet and to promote overfishing. 
By definition the discriminating monopsonist 
offers all-or-nothing bargains to each fisherman, 
or perhaps pays a minimum price for each unit 
purchased. An economic interpretation of the 
above behavior is that the discriminating 
monopsonist’s marginal cost curve and his 
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average cost curve are equated. The average 
cost curve concerned is also the LRSP for the 
industry. The outcome here is that the dis- 
criminating monopsonist maximizes profit at 
suboptimal output Q., thus promoting over- 
fishing. The social loss involved is again BX A, 
the same as if no charge (or rent) is attached to 
the fishery resource.* 

While the negative aspects of licensing and 
taxation charges as a means of fishery control 
have been stressed, one feature of taxation 
control, the desirable income distribution ef- 
fects of government spending of tax revenues, 
has been neglected in the discussion.’ In this 
regard the cooperative operation described 
may go some way to match this desirable fea- 
ture. Distribution of processing and merchan- 
dising profits over the fleet operators would 
probably meet with approbation by the com- 
munity. If for any reason the community re- 
jects this distributional feature, a government- 
owned monopsonist could substitute as pro- 
cessor rather than the cooperative, perhaps 
with profits spent on industry research, tech- 
nical education, and or safety and navigational 
improvements for the fishing fleet. 


X-inefficiency and Welfare Loss 


Recent literature dealing with industries and 
firms sheltered from market pressures illus- 
trates the tendency towards the incursion of 
“slackness,” or in economic terms, X-inefhi- 
ciency [3]. The cooperatively-owned monop- 
sonist could be prone to this phenomenon (as 
perhaps would be the alternative market set-up 
of a government-owned plant). Still, private 
industry is not immune either. It is not un- 
likely that privately-owned and operated 
processing firms in a geographically compact 
market could implicitly agree on market shares 
and follow “the quiet life.” 

Nonetheless, if X-inefficiency is experienced 
in the cooperatively-owned .monopsonist’s 


+ A possible example of this type of operation leading to 
social loss is the present organization of shrimp catching 
and processing in the recently opened Gulf of Carpentaria 
Fishery in Northem Australia. Problems associated with 
fisheries regulation in this setting are outlined in [5]. 

5 However, in the case where fishery control is exercised 
by auctioning rights to take a limited number of fish, per- 
verse income distributional effects may be experienced. 
Poorer sections of the fishing community could be excluded. 
If the revenue raised was spent specifically on such items 
as industry research, or navigational aids, little benefit 
would flow to those disadvantaged. Such problems are out- 
lined by North and Miller [4]. 
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plant, it could cause the derived demand curve 
for unprocessed fish to shift downwards, thus 
lowering the economically efficient output level 
for the fishing industry. At first glance such a 
move suggests social loss. Parish and Ng [7] 
have ably demonstrated that this X-inef- 
ficiency incursion need cause no social loss.® 
The key question to ask is, “who bears the cost 
of this substitution of leisure for money in- 
come?” If the board of management and share- 
holding of the cooperative is comprised of the 
fleet operators, and this board allows the 
degree of X-inefficiency noted to erode their 
processing profits, there is no social loss from 
this “slackness.” All that is happening is that 
the extra effort necessary to “get the most out 
of” its resources is judged as not worth the re- 
duction of leisure (or perhaps the difficulties 
involved in disciplining workers, etc., is con- 
sidered as too unpleasant). Fishermen in their 
joint role as board of management and share- 
holders could by further effort eliminate the 
X-inefficiency noted, but it is their decision to 
put up with the consequences. The “quiet life” 
appeals more than the extra income. Hence, no 
social waste is incurred, although a redistribu- 
tion of income from consumers to processors 
and some factor suppliers is involved. 


Summary 


(1) Owing to the commonality of the fishery 
resource, the long-run economic potential of a 


6 For a full theoretical treatment, the reader is referred 
to [7, Section V]. Parish and Ng’s exposition is best viewed 
through a model of the processed product market, not the 
factor market, as presented in Figure 1. 
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fishery is jeopardized under a letssez-faire 
policy approach. 

(2) Government intervention to regulate 
fishery output to the optimum social output via 
taxation on inputs or outputs runs into complex 
administrative and technical problems. 

(3) It is possible to simulate the optimal 
charge (or rent) on the fishery resource that . 
will bring about the optimal social output, by 
structuring the industry so that each market is 
served by a simple maximizing monopsonist as 
single processor. i 

(4) Organization of the ownership of each 
simple maximizing monopsony as a fisherman’s 
cooperative has desirable income distributional 
features. These features combined with the 
minimal need for technical regulation to pro- 
vide the optimal social output would be es- 
pecially desirable in the lower income, less- 
developed countries. 

(5) A cooperative enterprise should be easier 
to implement politically than outright and con- 
tinuing government intervention and thus is 
deemed more desirable on this count. _ 

(6) With the cooperative organization, where 
profits are channeled back to the fishermen, 
there is no tendency for the processing arm of 
the cooperative to act as a discriminating 
monopsonist and encourage overfishing. 

(7) Further advantages accrue to the co- 
operative enterprise in that no social loss need 
be experienced due to the incursion of X-in- 
efficiency in the processing operation. Should 
X-inefficiency flourish, those that allow this 
“slackness” bear its cost in money income 
foregone. 

P. A. CASSIDY i 
University of Queensland, Ausiralia 
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COMMONALITY, FISHERY RESOURCES, POTENTIAL AND POLICY: REPLY 


I will comment on the extent to which Dr. 
Cassidy’s comment is justified, correct, prac- 
tical, and sufficient. 

I did not, as Dr. Cassidy suggests, intend to 
imply that commonality problems can be 
treated only by “resorting to outright and con- 
tinuing government intervention.” My original 
article suggested how the economic optimum 
for a fishery might be determined without de- 
tailed biological and environmental data and 
given adequate cost data. In a brief comment on 
how a fishery might be induced to produce at 
that economic optimum, I cited Crutchfield 
and Bell, both of whom supported my view that 
reduction of excess resources used in a fishery is 
“unlikely to come about without public con- 
trol” [5, p. 591]. I failed to make sufficiently 
clear the distinct problems of terminating sub- 
optimal conditions in a fishery and subse- 
quently managing that fishery at the economic 
optimum, 

I would not rule out the possibility of con- 
ditions arising under which a fishery would 
voluntarily seek to regulate itself at the eco- 
nomic optimum, although, like Cassidy, I see 
that as unlikely. Given the existence of a 
regulatory agency, Cassidy would favor re- 
fiance “in large measure on economic forces.” 
Crutchfield uses slightly different wording, but 
his import is similar: “Ideally, then, regulation 
should seek, as far as possible to establish con- 
ditions under which the profit motive works 
with, rather than against, sound management 
of the resource” [2, pp. 26-27]. 

Accordingly, J am in, complete sympathy 
with the rationale for Cassidy’s choice of a 
regulatory policy. In addition, the simple 
maximizing monopsonist solution does achieve 
the goal of equating marginal social cost with 
price so that both the fishery and society are at 
an economic optimum. However, I am not sure 
that the X-inefficiency argument adds mea- 
surably to Cassidy’s policy proposal. First, it 
is only true that X-inefficiency need cause no 
social loss under specific assumptions and con- 
ditions. 

Second, X-inefficiency is likely to lead to 
failure of the monopsonist to plough back suf- 
ficient resources into the biological and eco- 
nomic research and technological development 
needed to guide the fishery in a dynamic en- 
vironment. : 

. Third, in a fishery, inefficiency in terms of a 


reduction in quality standards, irregularity of 
supply, etc., is as likely to result from monop- 
sony as is any type of X-inefficiency. Social 
and redistributional effects of such inefficiencies 
are unpredictable without knowledge of the 
utility mappings of consumers. 

Is the Cassidy proposal practical? The core 
of his proposal is the setting up of a simple 
maximizing monopsony in each independent 
market area. How can we ensure that the 
agency will behave as a simple maximizing 
monopsonist, for example, that in practice it 
will not become a discriminating monopsonist 
for the benefit of the board of directors? Per- 
haps, more critically, where the monopsonist 
also acts as sole processor, economies of scale in 
processing and elastic demand may lead the 
processor to prefer an output greater than Om 
in its. processing operation. The combined 
monopsonist-processor will choose the output 
Qw only by chance. Finally, I am not convinced 
that the existing firms with fishing and process- 
ing operations would consider the simple 
maximizing .monopsonist solution politically 
palatable. 

However, my most serious reservation about 
the Cassidy proposal and about the types of 
solutions suggested by Worcester is whether 
they provide a sufficient answer to real-world 
issues. For example, commonality may have 
given rise to chronic problems in fisheries, but 
fixing output at an optimum level will not elim- 
inate these problems. Fisheries have been sub- 
ject to the danger of overfishing, but also to 
underemployment, low income, lagging tech- 
nology, inferior training of participants, and a 
difficulty in recruiting qualified replacements. 
In California the commercial fisheries are 
particularly under siege from sports fishing in- 
terests for the fishery resource; from pleasure 
boats, freight ships, and oil drilling rigs for 
the ocean right-of-way; and from real estate, 
tourism, and other interests for the shoreline 
and its facilities [4]. 

How the problem of the California fishery is 
defined depends on who is doing the defining — 
the Eureka chamber of commerce, the Cali- 
fornia legislature, the U. S. federal govern- 
ment, or interstate or intergovernment com- 
missions. If regulation is to be introduced, the 
goals of regulation must be specified in terms 
of the relevant authority. For example, 
Crutchfield’s analysis of the Pacific halibut 
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fishery led him to suggest that the performance 
of management of that fishery should be judged 
in terms of output and factor allocation, ef- 
ficiency, progressiveness, income distribution, 
and stability [2, p. 24]. Noneconomists (the 
majority of citizens) might specify alternative 
or additional goals. 

Implementation of each policy will require 
specification and assembly of the data needed to 
make that policy operative. Data may be more 
of a problem than my original article or 
Cassidy’s comment might suggest. The analysis 
of costs underlying my Figure 5 uses “number 
of vessels” as a proxy for “effort.” Units of effort 
are assumed homogenous. Of course effort is a 
joint product of vessels of different age, capac- 
ity, and range, and crews of different skill and 
work-leisure preference, etc. It is difficult to 
predict, therefore, how different capital-labor 
combinations might react to different economic 
forces. If a simple maximizing monopsonist 
specified that it would buy quantity Qw at 
price Qn, would that lead to an intensified 
race for early season output, a shorter season, 
no reduction in vessel numbers, and a con- 
tinuation of low returns to capital and labor? 
Evidence from agriculture suggests that such 
undesirable consequences would follow. 

The concept of asset fixity seems particularly 
applicable to the likely reaction in a fishery. Of 
all U. S. fishing vessels licensed in 1969, 50.2 
percent were over 20 years old; the comparable 
figure for the Pacific Coast was 63.6 percent 
[3]. Fishermen, like small farmers, are fre- 
‘quently older and trained only in their own 
occupation with no alternative skills. Tweeten’s 
analysis for farm labor fixity can be applied 
directly to fishery labor [6]. There are really 
four prices relevant to the entry, stay put, or 
exit of fishery labor—the price needed to at- 
tract labor into a fishery, the opportunity 
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price, the transfer price (opportunity price less 
transfer costs), and the reservation price below 
which fishermen who value their way of life 
highly will leave the fishery. A policy to en- 
courage movement of fishermen out of the in- 
dustry may require measures to improve the 
opportunity price or reduce the transfer cost. 

Analysis for fishing vessels may be more 
complex in that fixed costs such as provision for 
depreciation, interest on capital, and return to 
management are frequently ignored in decision- 
making. Given the longevity of a fishing vessel, 
such costs can be ignored without visible 
penalty for many years. Asset fixity of both 
labor and vessels may thwart normal eco- 
nomic response to market forces. 

The theory of asset fixity is an attempt to 
explain a dynamic phenomenon in a static, 
deterministic framework. As Carlson points 
out, “In the end, a deterministic model must 
be replaced by a stochastic model, especially if 
a rational fishery management policy is to be 
imposed upon the community. Let us say that 
the conception of goals for which fishery man- 
agement must work will come from a clear un- 
derstanding of a deterministic model, but im- 
plementation will have to take place within a 
stochastic model” [1, p. 1]. 

We are still a long way from being in a posi- 
tion to recommend fishery management solu- 
tions even where the problems of a fishery are 
adequately defined and the goals of manage- 
ment are unambiguously specified. Meantime, 
there is much we as economists can do to mea- 
sure empirically how the resources used in 
various fisheries actually respond to economic 
and other forces, and in that light develop and 
evaluate beneficial management policies. 

A. DESMOND O'ROURKE 
Washington Slate University 
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Book Reviews 


Avramovic, Dragoslav, coordinating author, Eco- 
nomic Growth of Colombia: Problems and Pros- 
pects, Baltimore, The Johns Hopkins University 
Press for the International Bank for Reconstruc- 
tion and Development, 1972, xx + 509 pp. 
($15.00) 

This is an important volume, not only for the in- 
formation it provides—in a handily available form— 
on the situation and trends of the Colombian econ- 
omy, but also because it signals the Bank’s decision 
to publish a selection of its major mission reports in 
the future. These volumes will be of very consider- 
able value to persons not normally having access to 
the Bank’s reports, and feedback may also be useful 
to the Bank, The volume is, in general, well written, 
well organized, and useful. ‘The presentation is 
straightforward and more descriptive than analytical. 

The frst chapter summarizes key features of the 
Colombian economy and its recent development; 
subsequent chapters discuss the development of vari- 
ous sectors or focus on specific problems like unem- 
ployment and foreign indebtedness. Several chapters 
discuss industry and agriculture, part of the discus- 
sion at the sectoral level and part dealing with indus- 
tries or crops (coffee) of particular importance or 
topicality. The Bank’s long experience, especially in 
such sectors as transportation, water, and power, 
shows in the well informed presentations and accu- 
rate information. While less authoritative, the discus- 
sions of sectors like agriculture and industry are 
careful and intelligent ones. 

It is natural, given that its function is not a re- 
search one, that the Bank’s interpretations of most 
economic phenomena tend to be “‘standard” ones. 
Accordingly, this volume does not present new ways 
of looking at issues, or new empirical analysis, but 
rather an up-dated look at the economy’s progress in 

‘terms of a widely accepted framework. The World 

Bank’s model, built up over years of experience in 

dealing with developing countries, focuses on three 

key factors critical in maintaining an accelerated 
growth rate: “a high rate of savings, a rapid expan- 
sion of exports, and a high level of capital inflow” 

(p. 29). The obvious oversimplification implicit in 

such a model cannot seriously be criticized, since the 

Bank’s needs are practical, and there is no evidence 
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to gainsay the special role attributed in the model to 
the three factors just cited. 

In discussing the unemployment issue, the mission 
borrowed liberally from the recent I.L.O. study. 
While it seems clear that the I.L.O’s unemployment 
theory (summarized on pages 33-34) will require 
substantial complication and amplification before it 
can adequately represent the Colombian reality, at 
the time of the mission it was the most complete 
study available on the issue. The Bank, no doubt, 
will take into account new information and interpre- 
tations as they come along. Where, as with the un- 
employment issue, the mission relied on secondary 
sources, the discussion does tend nevertheless to re- 
fiect competent judgment, with useful summary ver- 
sions of some primary studies being presented. 

Occasionally doubtful interpretations show up, re- 
flecting lack of familiarity with detailed information, 
as where it is reported with respect to coffee farms 
that the “average size is shrinking because of popula- 
tion pressure” (p. 259). While this conclusion may 
turn out to be valid, it can hardly be stated as fact 
at this point, since the two surveys on which it is 
based are in a number of ways noncomparable. 

In places, tautological “growth accounting” seems 
to dominate the discussion and masquerade as analy- 
sis of cause and effect; it is a useful descriptive de- 
vice, but sometimes the terminology of causation 
slips in, as on page 40. ““Turning to the demand side 
of the labor market, two dominant factors retarded 
the creation of jobs in Colombia in the post-war pe- 
riod: slow economic growth, particularly in the agri- 
cultural sector, and rising labour productivity ... .” 
And the ICOR concept and language, a practical one 
to summiarize situations and to provide a first step 
toward an analysis, can contribute to an oversimpli- 
fied view of a system. Such tendencies could be criti- 
cized were this volume designed to be an in-depth 
analytical study of the mechanisms involved in the 
Colombian development process, but cannot be con- 
strued as serious faults given its more descriptive 
purpose, reflecting the mission’s objective—the eval- 
uation of Colombia’s economic status within the 
Bank’s framework, not an attempt to broaden, nar- 
row, or modify that framework. 

To recapitulate, this is a very useful volume to 
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have in print and is a reflection of the work of a 
clearly competent mission. 

R. A, Berry 

University of Western Ontario 


Bard, Robert L., Food Aid and International Ag- 
ricultural Trade, Lexington, D. C. Heath and 
Co., 1972, xviii + 321 pp. ($12.50) 


This book, subtitled “A Study in Legal and Ad- 
ministrative Control,” principally discusses the oper- 
ation of Public Law 480, the FAO Principles of Sur- 
plus Disposal, the Committee on Surplus Disposal. It 
gives less attention to the FAO World Food Program 
and the EEC food aid policies, because the volumes 
are smaller and the experience more limited. 

Bard teaches international law at the University of 
Connecticut, has done graduate work in economics, 
and worked five years with the Agency for Interna- 
tional Development. He has requisite qualifications 
and experience for such a book. 

The book has three main parts plus a Concluding 
Chapter. Part I presents the “Nature, Potential and 
Threat of Food Aid,” three chapters. Part II dis- 
cusses the “‘National and International Legal Frame- 
work for Food Aid Transactions,” three chapters. 
Part III identifies the “Techniques of Food Aid Con- 
trol,” four chapters, 

The author’s attitude is expressed in the final 
chapter: 


The potential utility of food aid as a supple- 
ment to more conventional forms of foreign aid 
has been accepted by both the aid-giving agencies 
and academic critics. During the early sixties, 
food aid was severely criticized as a selfish de- 
vice of the United States to rid itself of politi- 
cally embarassing stockpiles. . .. It is now con- 
ceded that properly conceived and administered 
food aid programs can be made consistent with 
the overall development needs of the recipient 
and that although any effective food aid program 
must have some adverse impact upon the com- 
mercial agricultural trade interests of developed 
and developing countries, these can be reduced to 
acceptable levels. (p. 285) 


The author deals in considerable detail with ad- 
ministrative procedures and international discussions 
to protect the commercial trade of the donor and/or 
third country exporters. He gives attention to usual 
marketing requirements, decisions on the volume of 
food aid, tied or untied sales, additionality, and simi- 
lar problems of control. One of his unique contribu- 
tions consists of the discussion of these activities as 
the beginning of a corpus of international law and 
evolving common law practices, with the FAO princi- 
ples of surplus disposal as a starting point. 

The book goes into substantial detail on adminis- 
trative practices, often somewhat defensively of the 
United States. He does argue that the U. S. has been 
much more sensitive to the concerns of other export- 
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ers than have the EEC nations and in particular, 
France. Each chapter contains voluminous notes on 
sources of data, information, and references. A weak- 
ness, however, is that the index is fairly casual and 
does not facilitate returning to the discussion of 
country problems or particular techniques. Only a 
handful of the authors cited appear in the index. 

A major omission is the lack of any discussion of 
the impact of food aid upon commercial farmers in 
the recipient country, or even of the impact upon ` 
prices within the country. Since Bard deals in some 
repetitive detail with the impact on trade of actual 
and potential competing exporters, the same number 
of pages would have permitted some attention to the 
impact within recipient countries. As it is, the reader 
must somehow accept on faith that the efforts to im- 
pose a large measure of additionality will also foster 
economic development. Bard does recognize that vir- 
tually every food aid agreement has had some effect 
in reducing foreign exchange expenditures over what 
they otherwise would have been; additionality is 
never complete. 

A less serious omission is the absence of any refer- 
ence to the uses of local currency, either by U. S. 
agencies or by local governments. 

This is a book for the person with a special inter- 
est in food aid. It provides much detail on govern- 
ment operations in implementing P.L. 480 and the 
counterpart activities in other countries, material not 
usually publicly available. And the author demon- 
strates again that P.L. 480 is one of the most com- 
plex of the U. S. programs. 

LAWRENCE W. Witt 
Michigan State University 


Bloom, Gordon F., Productivity in the Food In- 
dustry: Problems and Potential, Cambridge, The 
MIT Press, 1972, xiii + 314 pp. ($10.00) 

This book provides an interesting and detailed 
look at the opportunities for increased productivity 
in the food industry. The degree of specificity on 
techniques will be interesting to manufacturers, 
wholesalers, and retailers, and suggestions on re- 
search opportunities and recommendations for 
changes in the organization of marketing firms will 
be interesting to researchers and policy makers. 

The objective of the book is, in the words of the 
author, “to highlight some of the key areas in which 
major breakthroughs in productivity improvement 
can be achieved through proper governmental sup- 
port and industry cooperation” (p. xii). This the au- 
thor does by describing in detail improved tech- 
niques of handling and transporting merchandise, 
scheduling of truck deliveries, standardization of 
package sizes, and use of a universal product code to 
permit optical scanning checkout systems. The un- 
derlying theme of the book is that most of these 
techniques require vertical and horizontal coordina- 
tion among firms in the industry. Such coordination 
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can be obtained, the author suggests, by voluntary 
coordination among large firms, through industry 
groups, through government sponsorship of activi- 
ties, and through a relaxation of antitrust enforce- 
ment. 

The first chapter discusses the problem in terms of 
social goals and the role of productivity in the econ- 
omy. The author discusses various causes for declin- 
ing productivity in industry, including wage rates, 
` decreased importance of the work ethic, changing 
goals of management, and governmental restrictions. 
Chapter 1 also discusses the limitations of current 
measures of national productivity and suggests as an 
alternative a measure called “Total Factor Produc- 
tivity”—gross output net of purchases of intermedi- 
ate products and services, divided by the sum of la- 
bor and capital inputs. The author does not incorpo- 
rate this concept in his analysis, however, but relies 
instead on more traditional measures of physical out- 
put per hour of labor. 

Chapter 2 identifies the major obstacles to produc- 
tivity increases, focusing attention on the controver- 
sial issues of grape boycotts, organization of farm 
labor, consumerism, pollution control, environmental 
protection, and pilferage. No quantitative estimates 
are given of the effect of these actions on costs or 
prices, but the exposition does serve to identify the 
problem of conflicting goals in society. 

The next seven chapters discuss in detail the tech- 
niques and opportunities for increasing productivity 
in the areas of manufacturing and processing, stan- 
dardization, transportation, warehousing, retailing, 
- governmental regulation, and organized labor. Each 
chapter identifes the opportunities for increasing eff- 
ciency through introduction of improved techniques 
at the firm and industry levels. Limitations and re- 
strictions on widespread adoption are also presented. 

The concluding chapter offers recommendations 
for government action to improve productivity. 
These are (1) appointing an industry task force to 
establish industry and national productivity goals, 
(2) increasing research focused on identification and 
implementation of improved techniques and organi- 
zation, (3) providing tax relief to stimulate invest- 
ment in technology, (4) passing legislation to 
strengthen the bargaining power of employers, (5) 
practicing an enlightened antitrust enforcement pol- 
icy to encourage joint actions among firms that 
would increase productivity, (6) encouraging the de- 
velopment of the unit train concept and intermodal 
terminals, (7) increasing educational efforts to pro- 
mote a broad understanding of the importance of 
productivity, and (8) examining any new laws and 
regulations for possible detrimental effects on effi- 
ciency. 

The breadth of the first two chapters which dis- 
cuss productivity problems with respect to goals of 
society may leave the reader somewhat disappointed, 
for all of the major issues raised are quickly aban- 
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doned as the succeeding chapters focus on very spe- 
cific techniques. The author vacillates between em- 
phasizing the importance of increasing productivity 
and apologetic recognition that both management 
and society have other goals that often relegate pro- 
ductivity to a minor role. “It must be recognized 
that neither manufacturer, retailer, nor consumer 
places a high priority on productivity and efficiency 
in overall objectives” (p. 66). 

Conclusions and recommendations in the book of- 
ten go far beyond the supportive data. Although 
specific reference to a survey is frequently found, 
there is no statement as to the size or representation 
of the sample. Quotations from an individual busi- 
ness executive are extrapolated to the entire indus- 
try, and data for a single firm provide the basis for 
conclusions such as: “. . . steady progress has been 
made in physical productivity in manufacturing but 
warehouse handling remained on a plateau from 1967 
to 1969” (single-firm data from Table III). 

Despite the assertion on the dust jacket that “Dr. 
Bloom... writes... from a position of detached 
objectivity ... ,” his past experience as an executive 
in the food industry is reflected in the book, not only 
by implication through the tone of the discussion, 
but even more by the issues he chooses to discuss. 
This is particularly evident in the analysis of govern- 
ment’s role related to the Federal Trade Commis- 
sion. For example, in the National Food Commission 
Report the FTC concludes that “‘economies of scale 
are generally insignificant in the food manufacturing 
industries.” Bloom dismisses the FTC statement by 
referring to the statements of a number of execu- 
tives who indicated that mergers are motivated by 
the need to improve physical productivity (p. 79). 
The chapter on Productivity and the Law asks the 
question, “‘Has the impact of such laws on business 
activity tended to inhibit . . . efficiency and produc- 
tivity?” (p: 244). A number of specific cases are 
cited where the Robinson-Patman Act has prevented 
firms from making vertical and horizontal agree- 
ments that would have increased productivity. Ex- 
amples show that productivity was undoubtedly re- 
stricted, but the author specifically omits the topics 
of competition, industry structure, price rigidity, and 
market power from his discussion, preferring to treat 
productivity as an independent entity. 

The author and publishers are to be commended 
for their ability to shorten the lag time between writ- 
ing and publication. Use of photographic reproduc- 
tion and minimal editing compensated with timeli- 
ness any loss in quality of type and the finer points 
of headings, italics, etc. However, the book could 
have benefited from a more careful organization of 
topics and rewriting in some places to improve the 
flow of ideas. Chapters 1 and 2 seem especially dis- 
connected with a large number of topics whose rele- 
vance to one another is not always clear. 

Many broad ‘issues are raised but never discussed 
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in sufficient detail to make clear their relevance to 
the topic, Chapter 1 identifies the conflicts between 
social and private productivity, but the discussion 
lacks cohesiveness. The issue is not resolved for the 
reader and is ignored throughout the remainder of 
the book. 

There are a number of other unsatisfied expecta- 
tions in the book. Although closer coordination 
among vertical elements in the marketing chain is 
promoted as a source of increased productivity, one 
looks in vain for any data comparing the efficiency 
of existing vertically integrated firms with indepen- 
dent units. Such data could provide empirical evi- 
dence of the efficacy of the recommended solution. 

Agricultural economists might also feel uncomfort- 
able with the role assigned to farm production in the 
proposed scheme to coordinate the food distribution 
system. Agriculture was omitted from the study, first 
because productivity has been so much higher than 
in other industries and second because “farming still 
represents .. . a struggle of man against nature... 
(and) problems therefore are different ....” Even if 
this justified the omission, the importance of includ- 
ing production scheduling in a total food distribution 
system should have required at least token recogni- 
tion. 

The chapter on Labor and Productivity includes a 
very interesting section on organized labor although 
again reflecting a point of view more readily en- 
dorsed by big business than other segments of the 
economy. The author details the manner in which 
unions reduce productivity by preventing manage- 
ment from utilizing the most efficient methods, from 
introducing new technology, and from using the 
workforce effectively. Bloom suggests the following 
types of affirmative action to cope with these labor 
restrictions: “(a) restoration of a balance of bar- 
gaining power; (b) exposure to public opinion; and 
(c) education of workers” (p. 285). 

In summary, the book is worth reading for its re- 
view of technological innovation on the horizon for 
the food industry, for its identification of potential 
cost savings through a systems approach to distribu- 
tion, and for its stimulus of suggestive ideas of the 
basic issues that must be faced in the decision to or- 
ganize for higher levels of productivity. 

LoweLL D. Hitt 
University of IHinois 


Brown, Lester R, World Without Borders, New 
York, Random House, 1972, xviii + 395 pp. 
($8.95) 

Lester Brown, toward the end- of his book World 
Without Borders, discusses the “need for perspec- 
tive’—the need for perspective “to see the world 
even as it is today, much less as it will be 
tomorrow.” I would say that the purpose of World 
Without Borders is to provide that perspective. And 
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it goes a long way toward achieving that high pur- 
pose. 

To provide this perspective, Brown describes and 
discusses the great number (and rapidly increasing 
number) of socio-economic-environmental problems 
and issues which confront modern man and tran- 
scend national borders. But his technique is not a 
dull cataloguing of problems and issues. He develops 
a general analytical structure for relating these inter- | 
national problems and issues one to another and in 
support of his central thesis, This structure assumes 
the following form: first, an inventory of mankind’s 
problems; second, promising approaches for dealing 
with those problems; third, the requirements of a 
global economy; fourth, the needed global infra- 
structure; and fifth, a discussion of philosophical 
and ethical issues. In terms of this analytical struc- 
ture he develops his central thesis, which in the 
words of William McChesney Martin is the follow- 
ing: ; 

It could even be said that what were once the 
principal objectives of sovereign powers—the 
maintenance of economic prosperity and of ef- 
fective defense—can now only be achieved by 
the acceptance of cooperative international ar- 
rangements which by their very nature impose 
limitations on the sovereignty of all the nations 
concerned. 


In developing the above thesis, Brown brings a 
vast and imposing array of facts, data, and informa- 
tion to bear upon his discussion. This factual mate- 
rial and information ranges from energy production 
and use, to measures of pollution, to measures of 
real income, to the distribution of wealth and re- 
sources, to food production and consumption, to pop- 
ulation trends, to resource usage and reserves, to the 
multinational corporation, to the technical aspects of 
global communications, and to a review of existing 
and needed international institutions. 

Brown’s command of factual material from many 
and varied fields is for this reviewer truly impres- 
sive. Where I could readily check factual material in - 
my fields of specialization, I found it to be both ac- 
curate and properly handled. This generous use of 
factual material did not, however, put me to sleep, 
because the factual material presented was selected 
with skill to support the argumentation, and the text 
in which it is presented is a model of good writing. 
In fact, it is the author’s clear, beautiful writing that 
really pulls the reader along over wide reaches of the 
globe, over a vast array of facts and data, and over a 
mind-numbing set of problems and issues. 

Are we to conclude that the book has no short- 
comings? No, not quite. This reviewer, who has be- 
come something of a cynic in his old age, became 
rather weary of the recitation of “right-thinking” ac- 
tions and enlightened decisions that all of us must be 
a party to if we are to achieve a tolerable state of 
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affairs in this world without borders. The number of 
“right-thinking” actions that must be taken and the 
number of enlightened decisions that must be made 
are so great as to leave the reader with a sense of 
frustration, if not despair. Along this same line 
Brown lectures those of us from the affluent North- 
ern Hemisphere repeatedly about the need on our 
part for sacrifice in the control and use of resources 
_if a “good society” on a world basis is to be 
achieved. But he lectures those from the less devel- 
oped world not at all about their need to sacrifice the 
present for the future to accumulate capital and 
worldly goods and to achieve disciplined rather than 
soft states. Achievement of a tolerable state of af- 
fairs in a world without borders will certainly be de- 
pendent upon some sacrifice of income and wealth on 
the part of the affluent in the Northern Hemisphere, 
but it will just as certainly require sacrifice and dis- 
cipline on the part of those living in poverty in the 
Southern Hemisphere. There is no other way in the 
real world. 

But what is in this volume for agricultural econo- 
mists? Certainly it is not a technical book on eco- 
nomics, Neither is it a technical book on agriculture. 
The agricultural economist can find something very 
important in this book if he is able to get his mind 
off of exquisite, minute economic mechanisms for a 
brief spell. He can find directional guides to exciting 
and purposive work as an agricultural economist. A 
book such as World Without Borders could well di- 
rect a young foreign graduate student into nontradi- 
tional avenues of work that would be productive for 
him and his country; it could give new purpose to 
the work of a middle-aged, frustrated American agri- 
cultural economist; and it could assist a research di- 
rector or a department head to open up some new 
and productive lines of economic research work. 
These would not be small accomplishments. And 
World Without Borders has this potential. 

WILLARD W. COCHRANE 
University of Minnesota 


Haveman, Robert H., The Economic Performance 
of Public Investments: An Ex Post Evaluation of 
Water Resources Investments, Baltimore, The 
Johns Hopkins Press for Resources for the Fu- 
ture, Inc., 1972, xiv + 126 pp. ($7.00) 


Public investments in water resource develop- 
ments must be decided, like all long-lived invest- 
ments, on the basis of ex ante forecasts of expected 
benefits and costs. There is no way of making all 
these forecasts completely error free, Haveman ar- 
gues, however, that an ex post review of actual proj- 
ect performance could help greatly to uncover areas 
where forecasts can be improved. He is not the first 
to suggest this, but he is certainly one of the first to 
do anything about it. 

Haveman terms this an “exploratory effort” and a 
“pilot study.” After discussing some of the basic 
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principles and problems involved, he devotes one 
chapter each to ex post evaluation of flood control 
investments, navigation improvements, hydroelectric 
projects, and project costs. Each chapter briefly 
presents the principles, concepts, and procedures to 
be used in evaluation and a case study. The number 
of observations is limited—one flood control project, 
one navigation project, 12 hydroelectric projects, 
and 86 cost studies. All are U. S. Army Corps of En- 
gineers projects. s 

Haveman concludes from his investigations that ex 
ante estimation of project benefits is seriously 
flawed. He found wide deviations of actual from ex- 
pected in both costs and benefits. Moreover, in the 
case of benefits, he detected a consistent bias toward 
overestimation. The overestimation was due in some 
cases to the use of procedures that “have little, if 
any, relationship to any efficiency concept of benefits 
or any other benefit concept that has economic 
meaning.” 

The analyses applied in this study are limited, as 
is understandable in an “exploratory effort.” The 
finding of overestimated benefits in the flood control 
project rests heavily upon the fact that flood-level 
flows occurred less frequently in the 20-year post- 
project period than in the 40-year pre-project record 
that the Corps used to estimate flood frequencies. 
The case presented for the 20-year post-project re- 
cord as the best estimate of true flood probabilities 
is not totally convincing. The sample study brushes 
over several aspects of flood projects that present 
the most perplexing projection problems. For exam- 
ple, improvement in productivity of flood plain lands 
is excluded from the analysis although it is a matter 
of considerable controversy at the ex ante stage of 
evaluation. 

The chapter on navigation is aimed more at a com- 
parison of proper to improper procedure than of ex 
post to ex ante analysis. The procedure in question is 
the determination of savings on water borne traffic. 
If, as current law requires, established freight rates 
are used rather than costs, waterway benefits will be 
overestimated. But this is true whether one is mak- 
ing an ex post or ex ante analysis. Focusing attention 
exclusively upon this error diverts attention from the 
main theme of the book. Several aspects of naviga- 
tion analysis that would be more enlightened by ex 
post analysis are left completely untouched as a re- 
sult. For example, it would be most interesting to 
know how well ex onte estimates predicted actual 
traffic movement in total and by waterway. 

In general, this work fulfills its self-expressed role 
of an “exploratory effort.” It is neither complete nor 
definitive. As might be expected in an “exploration,” 
it encounters some impassable barriers, leaves in- 
triguing areas unexplored, and in general leaves a 
winding trail. But it does point out the general direc- 
tions to be taken in ex post analysis of water re- 
sources investments, Hopefully, more work will be 
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forthcoming to fill in the procedural gaps that re- 
main and provide more definitive assessments of ex 
ante analytical procedures. Similar investigations of 
other types of public investments would also be 
worthwhile. 
WALTER R. BUTCHER 
Washington State University 


Jones, William O., Marketing Staple Food Crops 
in Tropical Africa, Ithaca, Cornell University 
Press, 1972, xiii +- 293 pp. ($12.50) 

This study helps to throw considerable light on the 
economics of marketing indigenous foodstuffs in 
tropical Africa. In the past this subject has been 
characterized by so much ignorance that intelligent 
government marketing policies could hardly be for- 
mulated. 

Dr. Jones has analyzed the basic field data gath- 
ered by a number of investigators from the Univer- 
sity of Minois, the University of West Virginia, 
Michigan State University, and the Stanford Re- 
search Institute. The Institute also provided the gen- 
eral direction of the study for which the research de- 
sign was prepared by the Food Research Institute. 
The feld work was carried out primarily in 1966 and 
1967 and concentrated on Western and Eastern Ni- 
geria, Sierra Leone and Kenya, areas in which the 
degree of commercialization of food crops and of 
government intervention in the market differs con- 
siderably. 

The study casts strong doubt on many notions 
that have gained currency in the past and have been 
used to justify government restraints on the private 
marketing mechanism and the provision of certain 
types of infrastructure and facilities. Thus it finds 
that (1) there was little evidence of widespread ex- 
ploitation of farmers by middlemen through monop- 
olistic or monopsonistic price-fixing; (2) seasonal 
price changes were not unreasonable in the light of 
crude estimates of storage costs, and the farmers 
themselves tended to store the bulk of food crops for 
disposal during the off-seasons; (3) there were usu- 
ally no more than two middlemen between the 
farmer and consumer; (4) transport and physical 
market facilities-were not for the most part serious 


constraints on the development of markets, and (5): 


lack of commercial credit and inadequate market in- 
formation have at times prevented “spatial 
arbitrage” and thus the proper equilibration of sup- 
ply and demand among markets. 

The study in essence concludes that the system of 
“freely arrived-at transactions among private buyers 
and sellers” has worked well and needs only to be 
aided by government facilities and service. 

While the book makes an important contribution 
to an understanding of food marketing in tropical 
Africa, it hardly pretends and cannot be deemed to 
be exhaustive. Subjects investigated must be pursued 
in greater depth. The geographic scope of the study 
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must be broadened, particularly considering the wide 
variations in the production and marketing of food 
crops found in Africa. 

To this reviewer it is unfortunate that the present 
study was limited in two respects. First, it was as- 
sumed that all persons in the marketing process 
“could be expected to display economic motivation 
of intensity and variability similar to that of inhabi- 
tants of the developed countries” (p. 17). This as- 
sumption may well be accepted for many areas in - 
black Africa, particularly Nigeria, but my experience 
indicates that it can by no means be universally 
adopted. Second, the inquiry excluded investigation 
of the “determinants of marketable surplus,” includ- 
ing responses of farmers to variations in prices, on 
the not altogether convincing grounds that this sub- 
ject could not be examined until much more quanti- 
tative data and more information about the market- 
ing process itself are available (p. 18). In my opin- 
ion the presence of a considerable number of investi- 
gators in the field could have provided useful oppor- 
tunities to explore this subject. Certainly greater 
knowledge about elasticities of supply and demand is 
essential to an adequate understanding of marketing. 

Jonn C. pe WILDE 
Alexandria, Virginia 


Mishan, E. J., Cost-Benefit Analysis: An Introduc- 
tion, New York, Praeger Publishers, Inc., 1971, 
viii + 364 pp. ($12.50) 

The economics profession has finally received a 
rigorous, and at times, nonintroductory text on cost- 
benefit analysis written by one of the most produc- 
tive and insightful scholars in welfare economics. 
Mishan’s book should have widespread adoption in 
courses encompassing applied welfare theory at the 
beginning graduate level. Topics are systematic in 
presentation commencing with simplistic (and at 
times misleading) examples of typical cost-benefit 
analyses followed by introductory discussions of con- 
sumer surplus, external effects, investment criteria, 
uncertainty, and concluding with a final section con- 
taining a potpourri of “Further Notes.” As can be 
expected in a first effort, the degree of rigor, consis- 
tency, and clarity of the various topics appears to 
oscillate widely. This is apparently due to several 
factors. First, the book contains a substantial 
amount, of Mishan’s already published research 
melded together with intervening paragraphs. These 
paragraphs do not always lead the reader through an 
orderly progression of thought. Second, topics that 
Mishan has not published on previously are glossed 
over and in certain instances omitted entirely, e.g. 
multiple objective planning, stochastic system design 
and implementation problems, and applications of al- 
ternative cost doctrines. Third, the style is very tur- 
gid in some explanations. For example, in discussing 
“change induced benefits’ on page 63, Mishan 
writes: “In such circumstances, the avoidable loss of 
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quasi-rents by the London electricity authority which 
have to be borne because of the ‘unnecessary’ emi- 
` gration from London (of those families which, if of- 
fered marginal cost prices, would have stayed in the 
London area) and which may not be covered by the 
excess benefits of the Brighton‘ electricity project 
when calculated by reference to an uncorrected de- 
mand schedule, have to be accepted as an inevitable 
consequence of the institutional constraints.” Need- 
- less to say, the book will not have a wide readership 
beyond first year economics graduate students. 

Mishan’s book is highly literary in content. There 
are less than fifty symbolic equations or formulae in 
the 52 sections, including those such as the benefit- 
cost equation which are repeated. In discussion of 
external effects, Mishan’s application of symbols is 
not easily understood unless the student is familiar 
with calculus and partial derivatives, and yet his der- 
ivations add little to the textual description, He also 
identifies an external effect exclusively in terms of 
objects and not in terms of nonmaterial or nonra- 
tional events or ideas. For example, “envy” is consid- 
ered not to have “moral approval” as an external 
effect, While in most instances qualifications or an- 
cillary assumptions are set forth, they often are 
loosely stated following a conclusion in the earlier 
chapters, This is especially evident when one ob- 
serves that the benefit-cost ratio is- discussed as a 
concept (with numerical examples) in the first chap- 
ters but not introduced formally until after page 181 
in the text. 

In my opinion, the book contains an excellent sur- 
vey of most of the salient developments in benefit- 
cost analysis through about 1967 with substantial 
emphasis on the conceptual foundations of Pareto ef- 
ficiency and consumer surplus with only fleeting 
glimpses of the “measurement question.” Mishan has 
a paraphrase of Dorfman’s “Horse and Rabbit Stew” 
question, which would leave most lay readers and 
students in the dark as to why such a question was 
raised, Rather than deny that because of the “horse” 
(other social effects), the “rabbit” taste (or mea- 
surement of economic benefit) is completely lost, 
Mishan asserts with several arguments that such 
measurements of “rabbits” (economic benefits) 
might prove to be useful. First, they demonstrate ig- 
norance, Second, guesses might be valuable. Third, 
order of magnitudes of relevant problems may be at 
least scaled and compared. Fourth, if all else fails, 
economists may have to step down into the cellar of 
social science research and actually ask the affected 
parties what their losses and gains were, are, or will 
bel 

Perhaps the greatest omission in Mishan’s book is 
an analytical treatment of empirically measuring 
benefits and costs. Neither indirect nor direct meth- 
ods of measurement are analyzed, and the various 
innovative schemes for indirect measurement such as 
differential rents and the Hotelling-Clawson-Knetsch 
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model for valuing recreational visits are not given 
explicit coverage. Yet, it is in measurement problems 
(at least if one accepts the validity of the consumer 
surplus concept) where the “horse” really smells! 
Most of the intricate discussion of what to count or 
measure and what not to in the early chapters could 
have been generalized and clarified by a clear state- 
ment of the “with and without principle.” Another 
objection is that Mishan readily accepts the applica- 
tion of the compensating variation (CV) measure of 
consumer surplus as the relevant one for assessing 2 
“potential Pareto improvement.” He apparently 


_ draws this conclusion because CV measures gains 


and losses in the “presence of change” with reference 
to compensating changes in utility after the change 
had in fact occurred, Pareto improvements can only 
be assessed with reference to altering utility to its 
level in the initial state, and therefore the CV mea- 
sure is applicable. I am not convinced. First, should 
Pareto improvements be defined over a constant util- 
ity level in retrospect or in prospect in benefit-cost 
analysis? I would assert that in most instances ben- 
efit-cost analysis should be applicable to prospects. 
But if this is so, the EV measure might be more ap- 
propriate. This problem can be illustrated with two 
hypothetical statements regarding the construction 
of a dam that has a negative impact on local resi- 
dents. The CV measure would require the following 
question (ignoring nontruthful answers): A dam is 
going to be built (event). How much will you need 
to be paid (substitution) so you are as well off as 
you would have been if the dam were not con- 
structed? The EV measure would require the alterna- 
tive question: No dam is going.to be built (no 
event). How much would you pay for not building it 
(substitution) so that you are as well off as if it had 
been built? Note, under the CV measure, the event is 
already present while the EV measure includes its 
presence only as a base for measurement. The cen- 
tral question then is whether Pareto improvements 
be measured as the effects of deviations from cur- 
rent states in the absence or presence of the devia- 
tion, since the deviation itself embodies a change in 
utility? I do not perceive an ethically dominant 
choice emerging for either EV or CV measures with- 
out further information being introduced. 
Application of the CV or EV measure of loss im- 


plies a different configuration of property rights. The 


CV measure gives implicit right to the governmental 
agency or public authority applying the benefit-cost 
analysis to alter someone’s utility negatively and 
then provide or not provide compensation. Alterna- 
tively, the EV measure does not contain this implicit 
right but allows the agency to estimate willingness to 
pay. Second, there is the problem of irreversibility 
once someone’s utility has been changed, which is in- 
herently a problem with CV since under CV utility 
needs to be restorable, but not necessarily under EV. 
A third negative aspect of the CV or EV measure of 
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consumer surplus is that neither measure as now con- 
stituted contains an explicit recognition of the substi- 
tutability issue. Both presume the existence and 
uniqueness of substitutes for the “event” or action 
considered. What measure is appropriate if cultural 
constraints allow no substitutions, Le. sacred Indian 
burial grounds inundated by dam construction? A final 
problem with both the EV and CV measures in ben- 
efit-cost evaluation is that both are dependent upon 
the underlying assumptions of the political dogma 
that individual preferences are tantamount in impor- 
tance in evaluating both individual and societal gains 
and losses. Mishan does very little to inform the stu- 
dent of the very long list of psychic and political 
qualifications (except for external effects and liabil- 
ity rules) necessary to select appropriate measures 
of social benefits and costs, or what happens to the 
validity of the various concepts including consumer 
surplus when the qualifications are perturbed. 

With the exception of an occasional vague or in- 
completely qualified statement such as “maximizing 
the benefit-cost ratio,” Mishan has written a tightly 
woven and articulate orthodox text. I recommend his 
book to all who have the patience to read it thor- 
oughly. 

RALPH C. v’ARGE 
University of California, Riverside 


Owen, Jobn D., The Price of Leisure, Montreal, 
McGill-Queen’s University Press, 1970, x + 169 
pp. ($9.00) 

The study presents a new approach to the analysis 
of the demand for leisure time as determined by de- 
velopment of the commercial recreation industry, fa- 
tigue, education, commuting, working conditions, 
productive consumption, and unemployment. The 
first chapter rationalizes the equation of leisure with 
consumption time (time devoted to consumption- 
rather than income-producing activities). There are 
several conceptual problems with the definition of 
leisure as a consumption good. 

Veblen’s concept of leisure (The Theory of the 
Leisure Class) is not examined but is identical to 
Owen’s definition. It may be that predominance of 
Veblen’s conspicuous leisure over the Puritan work 
ethic is more useful than economics in explaining the 
forces underlying Owen’s description of the trend to 
a seven-hour day, four-day week, one-month vaca- 
tion and retirement at age 60. 

Workers do not purchase leisure time as noted by 
Owen. However, it is assumed but not explicitly 
stated that the derived employer demand for labor is 
not monopsonistic and that wages (conversely, the 
price of leisure) are determined by competitive 
forces. Furthermore, unions have monopolistic char- 
acteristics which are likely to be a very important 
determinant of leisure. The implications of these as- 
sumptions merit greater aitention in the study, par- 
ticularly since the study: period 1929-1961 illustrates 
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a substantial increase in labor’s bargaining power. In 
short, the theoretical discussion jumps from the mi- 
croeconomics of individual work-leisure choices to 
estimation of macroeconomic aggregates. Confusion 
in the theoretical analysis is carried into the empiri- 
cal section in which the terms “demand for leisure” 
and “supply of leisure” are used in reference to the 
same set of equations. : 

In deriving estimates of leisure time, an excellent _ 
review of factors underlying trends in average man- 
hours of employment is given, including: labor force 
participation, fringe benefits, working conditions, ed- 
ucation, and unemployment. Examination of the 
commercial recreation data is not as thorough. The 
United States Department of Commerce series on es- 
timated recreation expenditures is used as a measure 
of market purchases associated with leisure. The 
stock-flow problem associated with recreation pur- 
chases and recreation use of goods not in the recre- 
ation expenditure category is inadequately treated. 
No mention is made of consumer surplus commonly 
used in evaluating recreational activities as well as 
satisfaction associated with alternative market wage 
levels for labor. 

Four single equation models of demand for leisure 
time with a full employment and an annual series are 
estimated. The first model includes wages only; the 
second adds the price of recreation; and the third 
deflates the wage rate and the price of recreation by 
a price index adjusted to include the price of leisure. 
A fourth model incorporates a fatigue effect in esti- 
mating the relationship between hours of work and 
wages. The fatigue effect is designed to adjust for a 
nonproportional relationship between output and hours 
of work. 

It is not clear from the text whether the statistical 
analysis is used to test or generate the hypotheses 
that income effects of wage increases have out- 
weighed substitution effects. A positive relation is 
found between the wage rate and the demand for lei- 
sure and a negative relationship between the price of 
recreation and leisure. 

An equation representing employer demand as a 
function of the capital labor ratio, employment man- 
hours, education, and residual economic growth is es- 
timated. The equations are extensions of studies by 
Dennison, Kendrik, and Goldsmith. Supply of labor 
and demand for labor functions are then solved si- 
multaneously. Next a market recreation model is for- 
mulated in several forms. Recreation expenditures 
are regressed on income and the price of recreation, 
and hours of leisure time. Lastly, a model of the de- 
mand for leisure activity is estimated by regressing 
leisure activity (a weighted average of leisure time 
and market recreation expenditures) on wages, price 
of leisure activity and, alternatively, the price of lei- 
sure and recreation. Estimates of the elasticity of 
substitution between leisure time and market recre- 
ation are then derived. The estimates appear reason- 
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able, but insufficient reference is made to results of 
other studies, 

The study provides an innovative approach to eco- 
nomic analysis of both leisure time and recreation 
expenditures and should be of considerable interest 
to economists conducting research in labor and re- 
source economics. 

James A. MACMILLAN 
University of Manitoba 


Telser, Lester G., Competition, Collusion, and 
Game Theory, Chicago, Aldine» Atherton, 1972, 
xix + 380 pp. ($12.95) 

Competition, Collusion, and Game Theory is not a 
book for quiet reading by the fire. Rather, it is a 
rigorous, mathematical treatment of the subjects 
suggested by the title and demands the closest read- 
ing. Those who, like this reviewer, will fnd a good 
many of the formal proofs disconcerting testament 
to their antiquity, can nonetheless profit a great deal 
from the arduous task of careful reading. 

The book consists of eight chapters. The first 
three are applications of core theory to problems of 
market exchange and oligopoly. Chapter Four con- 
cerns equilibria with various conditions of oligopolis- 
tic expectations and various numbers of firms under 
static demand conditions with, first, perfect substitut- 
ability and, second, imperfect substitutability among 
the goods of oligopolistic competitors. The fifth 
chapter treats the costs of collusion to potentially 
participating firms, the conditions under which com- 
petition rather than collusion is likely to result, com- 
plexities arising from product variety among firms, 
and the theory of sharing monopoly returns from 
effective collusion. Chapter Six deals with dynamic 
demand relationships in oligopolistic structures with 
perfect and gross substitutability. The final two chap- 
ters are empirical studies—not closely interwoven 
with the preceding theory—of price and market 
share interrelations for four advertised consumer 
products and of relations among rates of return, con- 
centration, and other structural variables for a large 
number of four-digit, SIC industries. l 

My own reading enjoyment came mainly from the 
first three chapters and, from them, largely from 
learning more about the theory of the core. Indeed, 
aside from deeper insights into the Cournot-Nash 
Theory of Duopoly involving such things as empty 
cores, the feasibility of trade and the proper inter- 
pretation of sequential periods in the Cournot sys- 
tem, startling new results are notable by their ab- 
sence. 

In Chapter Four Telser proves somewhat surpris- 
ingly that static Cournot expectations yield a conver- 
gent solution only for the two firm case. When ex- 
pectations adapt to the past responses of rivals, con- 
vergent solutions may result regardless of the num- 
ber of firms. These are refinements of some impor- 
tance in the theory of oligopoly. 
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Chapter Five is less rewarding. The theory is a 
good deal tighter, but the most important results 
concerning whether collusion will be successful are 
those presented by William Fellner in Competition 
Among the Few (1949) and by George Stigler in “A 
Theory of Oligopoly,” Journal of Political Economy 
(1964). Telser does add an analysis of merger as an 
alternative to cartel agreements which, though again 
far more rigorous theoretically, is in the vein of 
Ronald Coase’s “The Nature of the Firm,” Econo- 
mica (1937). 

, Chapter Six convinces one that optimizing behav- 
for in a dynamic setting is an extraordinarily com- 
plex problem. The most interesting proof is that a 
rental policy is never dominated by an outright sales 
policy in a monopoly setting. The most interesting 
problem is the nature of price expectations that im- 
ply an equilibrium in an oligopoly setting. 
` Chapter Seven estimates price elasticities on mar- 
ket share data for established and for new branded 
consumer products. Given the nature of the products 
and Telser’s previous interests in advertising, it is 
surprising that no attention is given to advertising 
and to relations between advertising, price elastici- 
ties, and market shares. Still, it is interesting that the 
price policy apparent for new products is entry-re- 
tarding rather than entry-preventative and that the 
market share demand relation for established prod- 
ucts can be described as a first order distributed lag 
with residuals generated by a Markov process. 

The concluding chapter consists of a regression 
analysis of the effects of market structure on indus- 
try performance. Rates of return are shown to be 
positively related to concentration; tangible capital 
and specific human capital per employee tends to rise 
with concentration; and establishments in concen- 
trated industries are less specialized than are those 
with low concentration. Number of firms as well as 
concentration is used in the rate of return regres- 
sions, and it is found that the partial relationship is 
one in which larger numbers are associated with 
higher rates of return. Telser’s conclusion that this 
reflects entry where rates of return are high is un- 
convincing and in fact unsupportable with his single 
equation regression approach. 

Throughout the book there are repeated places 
where additional references to previous treatments 
of the subject matter—in contrast to references re- 
lating to mathematical proofs—would be helpful. 
But this is nibbling criticism. The book is a good one 
and merits the serious attention required in its read- 
ing. 

ALMARIN PHILLIPS 
University of Pennsylvania 


Tomek, William G., and Kenneth L. Robinson, 
Agricultural Product Prices, Ithaca, Cornell Uni- 
versity Press, 1972, xi + 376 pp. ($14.50) 

The authors’ decision to write this book was moti- 
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vated by two considerations, First, they believe that 
the behavior of agricultural product prices is suff- 
ciently unusual to require special treatment. Second, 
the authors saw a need for a more up-to-date text, 
which combines principles of price determination, in- 
. formation on pricing institutions, and an introduc- 
tion to selected quantitative techniques as applied to 
agricultural prices. The book is aimed at an interme- 
diate level course in agricultural prices and market- 
ing. Students should previously have had-a course in 
microeconomic principles, but no mathematical com- 
petence beyond plane geometry and ordinary algebra 
is required, In this reviewer’s opinion, they have pro- 
duced one of the best books in agricultural prices 
available at this level. 

Following the introductory chapter, the book is di- 
vided into four sections. The first is concerned with 
principles of price determination and encompasses 
four chapters. Elements of demand theory are re- 
viewed and related to the demand for agricultural 
commodities in Chapter 2. In the discussion of de- 
rived demand, little attention is given to the underly- 
ing production functions and to supplies of inputs. A 
comprehensive treatment of demand elasticities and 
price flexibilities is presented in Chapter 3. This is 
one of the better chapters of the book, and it might 
have been strengthened even further if a detailed 
derivation of income and substitution effects had 
been presented in an appendix. With a liberal use of 
illustrations, the concepts underlying supply relation- 
ships in agriculture are masterfully discussed in 
Chapter 4. Chapter 5 concludes this section with a 
highlighting of the theory and practice of price de- 
termination for different types of market structures. 

The next section of the book contains five chap- 
ters and focuses on price differences and price varia- 
bility. With effective use of figures and illustrative 
examples, a thorough coverage of marketing margins 
for farm products is given in Chapter 6. Price differ- 
ences associated with quality are discussed in Chap- 
ter 7, while price differences between regions and 
spatial price relationships are considered in Chapter 
8. Discussion of price variation through time in 
Chapter 9 tends to be heavily mechanically oriented 
(mechanically accounting for wiggles and waggles in 
prices), and structural analysis is not mentioned un- 
til the latter part of the chapter; then only a cobweb 
model is considered, This section ends with a lucid 
discussion of aggregate farm price behavior with par- 
ticular attention devoted to the impacts of inflation 
and deflation on agricultural prices and the relative 
position of agriculture. 

The third section of this book consists of four 
chapters concerned with pricing institutions. The 
first of these chapters (Chapter 11) consists of a de- 
scription of different mechanisms for discovering or 
establishing farm prices. Chapters 12 and 13 deal in 
a rather comprehensive way with the mechanics, 
price relationships, and functions of commodity fu- 
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tures markets. A framework for assessing the eco- 
nomic consequences of alternative forms or degrees 
of government intervention in pricing farm products 
is presented in Chapter 14. 

The fourth and final section of the book consists 
of two chapters concerned with an introduction to 
empirical price analysis. Chapter 15 focuses on the 
formulation of models and alternative techniques of 
analysis, Chapter 16 is a mini-course in regression 
analysis with applications to price analysis. The ` 
whole section is oriented to single equation types of 
analyses with structural analysis involving simultane- 
ous systems of equations completely omitted. 

Agricultural Product Prices is well organized and 
written. It is a suitable text for an undergraduate or 
possibly dual level (undergraduates and beginning 
graduate students) course in agricultural prices or 
price analysis, For graduate students the book would 
need to be complemented with the detailed develop- 
ment and derivation of many of the concepts pre- 
sented in a summarized verbal form. Also, this book 
might be good supplemental reading in agricultural 
economics courses other than agricultural prices or 
price analysis. 

JosEPH HAVLICEK, JR. 
Purdue University 


Wellford, Harrison, Sowing the Wind, New York, 
Grossman Publishers, 1972, xxiii -+ 384 pp. 
($7.95) 


According to the dust cover, Harrison Wellford is 
one of the five original “Nader’s Raiders.” His book 
is an interesting blend of description, in the best tra- 
dition of American muckraking, and insightful analy- 
sis of technical problems and political processes re- 
lated to the modern U. S. food system. Thus it is 
both interesting reading and instructive. Nor does 
Wellford shy from making recommendations for im- 
proving what he considers to be a deplorable state of 
affairs in the procedures for consumer protection 
from food contamination. 

The book is something of a mixed bag. The first 
four chapters deal with various aspects of meat in- 
spection. Some of the description of current practice 
would not be out of place in Lewis’ The Jungle. One 
major theme is that often a great difference exists 
between enactment of a consumer protection law and 
implementation of the promise implied in the law. I 
believe this is an important theme for all those inter- 
ested in policy; we have paid much too little atten- 
tion to the problems and processes of policy imple- 
mentation. 

Chapter 5 deals with the plight of the poultry con- 
tract farmers, The description is reasonably accurate, 
and some points are made about problems of eco- 
nomic concentration. The purpose of this chapter in 
the context of the book is not clear unless it is to 
emphasize that Wellford is concerned with the prob- 
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lems of farmers as well as consumers. Chapter 6 
deals mostly with problems associated with chemi- 
cals in meats. Chapters 7 through 13 deal with vari- 
ous aspects of policy and regulations related to pesti- 
cides. 

Wellford makes extensive use of case studies 
which he uses to support or illustrate a set of themes 
or propositions about the regulatory processes re- 
_ lated to food and environmental safety. The book 
might be faulted for a lack of systematic treatment 
of its major themes. The style tends to be journalis- 
tic rather than academic, But academic writing has 
not proven to be particularly effective in influencing 
opinion or regulatory practice. , 

Several cases ilustrate that highly competitive 
market conditions combined with products which 
have quality characteristics difficult to judge by con- 
sumers creates pressures leading to quality deteriora- 
tion. Thus competition in the real world of imperfect 
knowledge does not necessarily result in desirable 
performance. 

There are good guys and bad guys in the book. 
The large agri-business firms, their lobbyists, and the 
regulators (and congressmen) who come under their 
influence are generally cast as bad guys while con- 
sumers, farm workers, small farmers, and regulators 
who resist the pressures of the special interests, espe- 
cially if such resistance results in leaking inside in- 
formation or threatens their jobs, are the good guys. 
To say this, however, is misleading, since much of the 
emphasis is on the problems of the system and the 
processes rather than on the goodness or meanness 
of human nature. 

Issues and problems dealt with by Wellford are 
important ones. Most important is the question of 
how a society regulates the uses of modern technol- 
ogy. How do we assess the risks, and whose prefer- 
ences count in determining the uses of chemicals 
with unknown future effects? The problems of exter- 
nalities associated with the technology of the modern 
food system are of enormous importance. Much too 
little has been invested in either the technical assess- 
ment or the economic-political analysis of the conse- 
quences of the uses.of these technologies, 

My favorite explanation of the fall of the Roman 
Empire is the one attributing it to a failure of con- 
sumer protection. The hypothesis is that cooking 
utensils containing lead were introduced resulting in 
lead poisoning which contributed to a deterioration 
of the mental capacities of the upper classes of the 
Empire. I do not know how to test this hypothesis, 
but we do know: (1) utensils containing lead were 
introduced and were used by the ruling classes of 
Rome; (2) lead poisoning, which causes deteriora- 
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tion of mental capacity, could have resulted; and 
(3) there is ample evidence of poor decisions by the 
Roman ruling classes. We too may suffer the fate of 
the Roman Empire for lack of an understanding of 
the long-run consequences of our technology, Well- 
ford has provided a book with a wealth of hy- 
potheses, observations, and recommendations which 
deserve attention by those concerned with the future 
of our civilization. 

I am sure there are many who would fault the 
book as being unfair and biased. No doubt there is 
another side to some of the cases presented in the 
book. Both sides of many issues are presented. One 
of Wellford’s themes is that the consumer protection 
and environmental activists have approached the 
problems in too simplistic a fashion. He recognizes 
the importance of trade-offs and careful benefit/cost 
analysis. He does not, for example, argue for the 
complete elimination of DDT but rather calls for its 
use only where the benefits exceed the costs. But he 
wants all the costs and alternative methods of insect 
control to be considered. Unfortunately the argu- 
ments on both sides of these issues often lack this 
application of basic economic reasoning. In fact, one 
of the major issues raised by the book is the ques- 
tion of how a democratic society can deal with ex- 
tremely complex issues of this type. How can we get 
beyond the slogans? How do we develop the pro- 
cesses of decision-making to utilize the inputs of the 
technical experts and keep the basic questions of 
preferences within an effective political context? Es- 
tablishing the probability that food chemicals will 
cause cancer, for example, is a highly technical ques- 
tion. Assessing the costs of alternatives is likewise a 
technical question. However, the decision that it is 
worth the risk of a 10 percent chance that 10,000 
people will suffer from cancer as a result of using a 
pesticide in order to reduce the cost of food by 2 
percent is not a technical question but a political 
one. Unfortunately we have to date failed in both 
identifying and presenting the trade-offs in under- 
standable form and in structuring our political insti- 
tutions to articulate effectively preferences among 
such alternatives, 

Wellford’s book raises several important questions 
for the agricultural economics profession. Why 
wasn’t this book, or one on the topic, written by an 
agricultural economist? Why are we not investing 
more in the examination of these important issues? 

The book is rich in hypotheses and observations 
suggestive of fruitful research. It is well worth read- 
ing. 

James D. SHAFFER 
Michigan State University 
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per. 

Kostrowicki, Jerry, and Roman Szczesny, Polish 
Agriculture: Characteristics, Types and Regions, 
Budapest, Akademiai Kiado, 1972, 120 pp. $5.20. 

Machlup, Fritz, Walter S. Salant, and Lorie 
Tarshis, eds., International Mobility and Move- 
ment of Capital, New York, Columbia University 
Press for the National Bureau of Economic Re- 
search, Inc., 1972, xi + 708 pp. $20.00. 

McKinnon, Ronald 1., Money and Capital in Eco- 
nomic Development, Washington, D.C., The 
Brookings Institution, 1973, xii + 184 pp. $7.50. 

Meadows, Dennis L., and Donella H. Meadows, 
eds., Toward Global Equilibrium: Collected Pa- 
pers, Cambridge, Wright-Allen Press, Inc., 1973, 
x + 358 pp. $18.00. 

Nader, Ralph, and Mark J. Green, eds., Corporate 
Power in America, New York, Grossman Publish- 
ers, 1973, x + 309 pp. $7.95. 

Potter, Jeffrey, Disaster by Oil, New York, The 
Macmillan Company, 1973, xii + 301 pp. $7.95. 
Rutstrum, Calvin, The New Way of the Wilderness, 
rev. ed., New York, The Macmillan Company, 

1973, viii + 280 pp. $2.95. Paper. 

Rutstrum, Calvin, The Wilderness Route Finder, 
New York, The Macmillan Company, 1967, x + 
214 pp. $1.50. Paper. 

Scott, Robert Haney, The Pricing System, San 
Francisco, Holden-Day, Inc., 1973, xv + 293 pp. 
$10.95. 

Sinha, R. N., and W. E. Muir, eds., Grain Storage: 
Part of a System, Westport, The AVI Publishing 
Company, Inc., 1973, xiii + 481 pp. $23.50. 

Smith, Robert S., Frank T, de Vyver, and Wil- 
liam R. Allen, eds., Population Economics: Se- 
lected Essays of Joseph J. Spengler, Durham, 
Duke University Press, 1972, v + 536 pp. $17.50. 
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Stadelman, William J., and Owen J. Cotterill, 
eds., Egg Science‘and Technology, Westport, The 
AVI Publishing Company, Inc., 1973, vii + 314 pp. 
$17.00, 

Symons, Leslie, Russian Agriculture: A Geographic 
Survey, New York, John Wiley & Sons, 1972, xii 
+ 348 pp. Price unknown. 

Taylor, Ronald B., Sweatshops in the Sun: Child 
Labor on the Farm, Boston, Beacon Press, 1973, 
xvii + 216 pp. $6.95. 


Am. J. Agr. Econ. 


Wadekin, Karl-Eugen, The Private Sector in Soviet 
Agriculture, 2nd ed., Berkeley, University of Cali- 
fornia Press, 1973, xviii + 407 pp. $17.50. 

Weaver, James H., ed., Modern Political Economy: 
Radical and Orthodox Views on Crucial Issues, 
Boston, Allyn and Bacon, Inc., 1973, xii + 479 
pp. $5.95. Paper. 

Wu, Rong-I, The Strategy of Economic Develop- 
meni: A Case Study of Taiwan, Louvain, Vander, 
1971, vii + 217 pp. 29 FR. Paper. 


Announcements 


AAEA-ASSA 
1973 Winter Meeting 

The American Agricultural Economics Association 
will meet jointly with the Allied Social Sciences As- 
sociation in New York City in December. A com- 
plete program will be published in the November 
AJAE. : 

Sessions are scheduled in the following areas: 


Factor Productivity in American Agriculture 
(joint session with the Econometric Society) 
Domestic Energy Supply and Demand (joint ses- 
sion with the American Economic Association) 
Economic Impact of the U. S. Agricultural Trade 

in the 1970's. 


Census Data Guidance Service 
The Clearinghouse and Laboratory for Census 
Data (CLCD) is a public service organization oper- 
ated by National Data Use & Access Laboratories 


through a grant from the National Science Founda- . 


tion. CLCD provides support services to all persons 
engaged in research to understand or solve local, re- 
gional, or national problems to which census data 
may be applied. The CLCD is set up so that a user 
can call or write in about his research problem and 


get most of the assistance he requires to determine if 
the census can meet his needs, how to overcome 
technical barriers to using the census, and how much 
his use of the census will cost. Where fees are 
charged, they are set to recover marginal administra- 
tive costs not covered by the NSF grant. For further 
information contact Carolee Bush, Clearinghouse 
and Laboratory for Census Data, 1601 North Kent 
Street, Suite 900, Rosslyn, Virginia 22209; phone 
(703) 525-1480. 


Rural Environmental Engineering 

On September 26—28, 1973, “Rural Environmental 
Engineering: A Conference on Water Pollution Con- 
trol Technology in Low Density Areas” will be held 
at the Sugarbush Inn, Waitsfield, Vermont. This con- 
ference will bring together nationally known environ- 
mental engineers and scientists with consultants, 
planners, Jocal-county-state agency authorities to 
clarify the magnitude of rural water associated pollu- 
tion problems and to present some of the new tech- 
nologies available for describing and/or controlling 
such problems. For additional information contact 
Dr. William J. Jewell, Department of Civil Engi- 
neering, University of Vermont, Burlington, Vermont 
05401; phone (802) 656-3800. 
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News Notes 


ECONOMIC RESEARCH SERVICE, USDA 

(EDD, Economic Development Division now part of 
USDA’s Rural Development Service; ESAD, Eco- 
nomic and Statistical Analysis Division; FDCD, 
Foreign Demand and Competition Division; FDD, 
Foreign Development Division; FPED, Farm Pro- 
duction and Economics Division; MED, Market- 
ing Economics Division; NRED, Natural Re- 
source Economics Division.) 


APPOINTMENTS: Kathryn Kayser, FDCD; Roger 
P. Lewis, FDCD; Susan B. Tripp, FDCD; Ste- 
-ven Guebert, Ph.D. Wisconsin, to Commodity 
Analysis- Branch, ESAD; Harold Taylor, from 
the Land and Water Research Institute, Pennsyl- 
'. vania State University, to Farm Income Branch, 
ESAD.: 


REAN (The Economic Development Di- 
vision of the Economic Research Service has been 
transferred to the Rural Development Service. 
RDS, along with the Farmers Home Administra- 
tion and the Rural Electrification Administration, 
report to the newly designated Assistant Secretary 
for Rural Development, William Erwin. EDD 
will continue to administer programs of research 
and service related to rural people and rural com- 
munities.) Dwaine E. Umberger, FPED-Pull- 
-man, Washington, to Washington, D.C.; Richard 
B. Smith, FPED-Ames, Iowa, to Washington, 
D.C.; Charles E. Overton, MED-Lafayette, Indi- 
ana, to Washington, D.C.; Alan Fox, NRED- 
Ithaca, New York, to Forest Service, Ithaca, New 
York; Berry T. Kuntz, NRED-Jackson, Missis- 
sippi, to Corvallis, Oregon; Rodney C. Kite, 
MED, to ESAD; William Faught, MED, to 
FDD; James Vertrees, MED, to Planning & 
Evaluation Staff, MED. 


Resignations: Henry D. Brodnax, FPED, to 
Cooperative Extension Service (Mississippi); 
William G. Bursch, FPED, to Experience, Incor- 
porated of Minneapolis; Billy G. Freeman, 
FPED, to Agricultural Economics Department, 
Texas Tech; James Maetzold, MED, to Price 
. Commission; Hazen Gale, formerly Acting Chief, 
Outlook and Projections Branch, ESAD, to the 
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Cost of Living Council; Joseph P. Biniek, 
NRED-Washington, D. C; to Library of Congress, 
Washington, D.C. 


RETREMENT: Roz Lifquist, MED; Lawrence A. 
Jones, FPED. 


Leave: Bruce H. Wright, MED, granted one year 
to work at the Chicago Board of Trade. 


UNIVERSITY OF FLORIDA 

RETIREMENTS: John R. Greenman, professor, after 
30 years of service; A. H. Spurlock, professor, 
after 39 years of service. 


IOWA STATE UNIVERSITY 

APPOINTMENT: Raymond R. Beneke, professor, as 
chairman of the Department of Economics, effec- 
tive April 16, 1973, through June 30, 1978. 


Return: Geoffrey Shepherd, professor emeritus of 
economics, after a six-month study of marketing 
and price policy in Venezuela, for the Inter-Ameri- 
can Bank for Development, and CORPOANDES, 
an agency of the Venezuelan government. 


MICHIGAN STATE UNIVERSITY 

APPOINTMENTS: Ahkter Ahmed Khan, visiting pro- 
fessor for one year; Richard Trimble, assistant 
professor. 


Leaves: David Cole to Harvard University for one 
year; John Ferris to the Cost of Living Council, 
Washington, D.C., for four months; Dan Sturt, 
leave to U.S. Department of Labor extended for 
another year. 


UNIVERSITY OF MINNESOTA 

RETIREMENT: Edmund A. Nightingale, professor 
emeritu~ of economics and transportation, after 39 
years of serv..2. . 


OTHER APPOINTMENTS 

Tridib K. Mukherjee, returning from the National 
Institute of Bank Management, Bombay, India, as 
associate professor of economics, Appalachian 
State University, North Carolina, September 1, 
1973, 


August 1973 


Alberto Valdes, Ph.D. London School of Econom- 
ics, formerly with Universidad Catolica de Chile, 
to the Centro Internacional de Agricultura Tropi- 
cal (CIAT), Cali, Colombia, as associate econo- 
mist. 


OBITUARY 
H. Clyde Filley, emeritus professor and former 
chairman of the Department of Agricultural Eco- 
nomics at the University of Nebraska, died March 
15, 1973, in Lincoln ‘at the age of 94. His passing 
ends a long and fruitful career of service to agri- 
culture. lene 
Filley was born and educated in Nebraska and at 
the University of Minnesota where he received a 
Ph.D. degree in 1934. He did early teaching and ad- 
ministrative work in Nebraska secondary schools, 
earned his M.A. in 1911 at the University of Ne- 
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braska, and joined the University staff as an instruc- 
tor in farm management. In 1914 he became the first 
chairman of the department, a position which he 
held to his retirement in 1949. 

An excellent teacher and popular speaker, Filley’s 
first research was in farm management. He helped 
farmers organize cooperatives in his early years and 
taught the first class in the U. S. in cooperative mar- 
keting. In later years he devoted his time in the de- . 


‘partment to administration, teaching, and research in 


marketing and policy. After retirement he served as 
Master of the State Grange and as economist for an 
insurance company. Filley was one of the last survi- 
vors of those pioneer agricultural economists who es- 
tablished departments of agricultural economics in 
the early years of this century and laid solid founda- 
tions for the scope and depth of agricultural econom- 
ics of the present era. 


WESTERN ECONOMIC JOURNAL 


Published by the Western Economic Association 
Volume XI, Number 1 March 1973 


The Relative Quality of Graduate Programs in Economics, 1958-1972: Who Published and Who 
Perished William J. Moore 
Commodity Money, Oligopoly, Credit and Bankruptcy in a General Equilibrium Model 


Martin Shubik 
Determining the Qualities of a Public Good—A Paradigm on Town Park Location 
Richard Zeckhauser 
The Pollution Content of American Trade Ingo Walter 
Transactions Costs and the Demand is fase of Exchange Edi Karni 
The Value of Information in Bar, Donald L. Harnett and W, Clay Hamner 
The Continued Deterioration of e Competitive Ability of the U.S. Steel Industry: The Develop- 
ment of Continuous Casting David Ault 
A Model of Wage Setting and Wage Diversity in Local Labor Markets Robert S. Goldfarb 
‘Impact of a Negative Income Tax on Aggregate Demand and Supply Ralph D. Husby 
Price and Quantity Adjustment in Factor Markets Daniel S. Hamermesh 
The Western Agora 


Edited by Alice Vandermaulen for the 
Department of Economics, University of Callfornia, Los Angeles 


Correspondence with regard to membership in the Western Economic Association, subscriptions to the Joarnal, 
and other business matters should be addressed to the Secretary-Treasurer, Professor Bldon ip Dvorak, Department 
of Economics, California State University, Long Beach, California 90840. Membership dues, including the Journal: 
one year, $10; three years, $27. Student membership, $5. Subscriptions for libraries, institutions, and business 

2. An additional charge of $1 is made for membealips or subscriptions outside the United States, Canada, 


THE JOURNAL OF 


BUSINESS 


The Graduate School of Business 
of the University of Chicago 


Volume 46 April 1973 i Number 2 


The Information Content of Dividends ...........e- esse eec eee e eee e ne neneeeareanee Ross Watts 
An Evaluation of a Novel Business Simulation Technique for Management Development 
Thad B. Green and Morton Cotlar 
Professionalism, Professionalization, and Bias in the Commercial Human Relations Consulting 
Operation: A Survey Analysis Theodore M. Becker and Robert N. Stern 
Nonmarketable Assets and the Determination of Capital Asset Prices in the Absence of a 
Riskless “Asset: caste sco erre an arse Maia Blacw ENEAN EAA ope Ried EPE David Mayers 
Empirical Investigation of Entrepreneurial Goals and Customer Satisfaction 
B. Pickle and Brian S. Rungeling 
The Use of the Secant Method in Econometric Models ...... J. Phillip Cooper and Stanley Fischer 
A Comment on the Risk Level Discriminatory Powers of the Wiesenberger Classifications .... 
Wiliam W. Reints and Pieter A, Vanderberg 
Properties of ‘Alternative Seasonal Adjustment Techniques: A Comment on the OMB Model . 
Dereka oe ere e a eE eeeh ov use i aeien aa eine Dudley: D. Johnson 


THE UNIVERSITY OF CHICAGO PRESS 
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JOHNS HOPKINS 


The Johns Hopkins University Press, Baltimore, Maryland 21218 


THE DEVELOPMENT OF 
TROPICAL LANDS 


Policy Issues in Latin America 
MICHAEL NELSON 


What impact have recent government and private investments had on tropical 
land development in Latin America? In the first comprehensive attempt to 
evaluate land development projects in the tropics, Michael Nelson surveys 24 
tropical highway and colonization ventures; analyzes the economic, social, and 
institutional factors that have contributed to their success or failure; and points 
to discrepancies between projected and actual benefits of new-land development. 


$12.50 
WATER RESOURCE MANAGEMENT 
IN NORTHERN MEXICO 


RONALD CUMMINGS 


In a number of Latin American regions, expansion of agricultural production 
is increasingly dependent on irrigation. Ronald Cummings sets forth principles 
of reservoir management and water allocation that can maximize the net value 
of agricultural production, then applies his analysis to a particular region in 
Mexico. $3.50 paper 


of related interest 


AGRICULTURAL DEVELOPMENT AND PRODUCTIVITY 
Lessons from the Chilean Experience 


PIERRE R. CROSSON 


“...an excellent study that succeeds admirably and most clearly in its aims and 
one that should be of value not only to those with a particular interest in Chile, 
but also to those with a broader concern about the problems of developing agri- 
culture.”—Annals of the American Academy of Political and Social Science 
$7.00 


NATURAL RESOURCES IN LATIN AMERICAN DEVELOPMENT 
JOSEPH GRUNWALD and PHILIP MUSGROVE 


“Monumental. . . . For those in search of facts about Latin America’s natural 
resource sector, there is simply no better source available.”—Hispanic American 
Historical Review. “The authors blend a descriptive text with detailed tables, 
by country and commodity, to provide in-depth information concerning mineral 
resources and agricultural, forestry, and fishery products.”—Foreign a 

; 20.00 





new books from 
Resources for the Future 


JOURNAL OF THE AMERICAN STATISTICAL ASSOCIATION 


Volume 68 June 1973 Number 342 


aeaaee NUNS 


Applications 


A Study of Poisson’s Models for Jury Verdicts in Criminal and Civil Trials 
Alan E. Gelfand and Herbert Solomon 


A Statistical Dissolved Oxygen, d Model for a Free-Flowing River System 
Michael R. Greenberg, George W. Carey, Leonard Zobler and Robert M. Hordon 


An Analysis of the Association Between U.S. Mortality and Air Pollution .Lester B. Lave and Eugene P. Seskin 
Forecasting with an Index of Leading Series H. O. Stekler and Martin Schepsman 


The Orders-Shipments Mechanism in Canadian Producer Goods Industries 
Ronald G. Bodkin and K. S. R. Murthy 


Estimating Data Withheld in Grouped Size Distributions 
Assigning Probabilities to the Outcomes of Multi- rea Competitions 


A Comparative Study of Alternative nes for Variance Components | Models Used in Ecónome tric 
Applications G. S. Maddala and T. D. Mount 


Some Estimators for a Random Coefficient Regression Model B. R. Froehlich 
Variance Estimation in Stratified Sampling Kok-Huat Lee 
On the Measurement of the Permanent Component of a Series 

A Reexamination’ of the Empirical Distribution of Stock Price Changes ....Amir Barnea and David H. Downes 
Collegiate Football Scores and the Negative Binomial Distribution R. Pollard 


. Theory and Methods 

One-atea-Time Plans suorien asesi e ccc ccc ccc E rec eecec seer etseees rere ee Cuthbert Daniel 
The Use of Faces to Represent Points in k- Dimensional Space Graphically Herman Chernof 
Data Transformation in Two-Way Analysis of Variance 


Estimating Variance Components for Two-Way Disproportionate Data with Missing Cells by the Method of 
Unweighted Means T. D. Hartwell and D. W. Gaylor 


On Recovery of Intra-Block Information Stephen Portnoy 

On the Augmentation Procedure in Singular Weighing Designs .............. P, K. Hasra and K. S. Banerjee 

Reconstructing a Noisy Markov Chain 

Evaluation of Five Discrimination Procedures for Binary Variables 

A Note on Koop's Approach for Finding the Bias of the Ratio Estimate ..B. V. Sukhatme and Isidoro P. David 
Comments on “A Note on Koop’s Approach for Finding ...” ...seseseseresrrerseso scans J.C. Koop 
Rejoinder B. V. Sukhatme and Isidoro P. David 

Some Product Moments Useful in Sampling Theory ini 


Estimating a Correlation Coefficient When One Variable Is Not Directly Observed 


Sequential Design for a Fixed Width Interval Estimation of the Common Mean of Two Normal Distribu- 
tions, 1: The Case of One Variance Kn S. Zacks 


Asymptotic Properties of Maximum Likelihood Estimators in Some Nonstandard Cases, IT 

A Note on Nonlinear Median Estimators 

A Method of Obtaining Prediction Intervals 

The Estimation of Heteroscedasticity from a Marginal Likelihood Function 

Application of the Structural Model to Censored Data 

K-Class Estimators: The Optimum Normalization for Finite Samples Roger W. Klein | 
Estimation of the Number of Terms in a Sum George P. McCabe, Jr. 
Simultaneous Statistical Inference in the Normal Multiple Linear Regression Model ...Laurits R. Christensen 
Goodness-of-Fit Tests for Grouped Data Urs R. Maag, Frans Streit and Pierre A. Drouilly 
A Large Sample Conservative Test for Location with Unknown Scale Parameters ..Thomas P. pins 


Stable Distributions in Statistical Inference: I. Symmetric Stable Distributions Compared to Other $ 
Long-Tailed Distributions William Di Mouchel 


Additivity of Information in Exponential Family Probability Laws 

A Note on Bayesian Modification of the Failure Rate Function 

On Computing Bayes Risks 00.0... ccc cece ccc cee eee reer eee ee EECA EEN EAN S. H. Shapiro 
Book Reviews : ; 


For. further information, please contact 


American Statistical Association 
806 15th Street, N.W. 
Washington, D.C. 20005 





Food Research Institute Studies 


‘in 1 Agricultural Economics, Trade, and Development 
WILLIAM O. Jones, Editor 


Sample Contents: Volume XI, No. 2, 1972 


Impact of the New.Production Possibilities on the Structure of International Trade in Agri- 
cultural Products Brie M. Ojala 
Introduction——The Green Revolution Historical Perspectives—Potential ; 
Impact on Trade-—Conclusions for Cereals Trade as a Whole—Citations 
Strategies for Agricultural Development Vernon W. Ruttan and Yxjiro Hayami 
Theories of Agricultural Development—An Induced Development 
Model—Agricultural Development Strategy—Citations 
Strategies for Agricultural Development: Comment George L. Beckford 
f eral Remarks—An Assessment of the $ Bi an Marmi Contribution— o 
Toward props Strategies for cultural Development—Citations 
The Choice of Agricultural Strategy and Development of Manufacturing 
Peter Kilby and Bruce F. ae 
Structural ‘Transformation—-Linkages with Manufacturing—Citations 
International Commodity Agreements and Export Earnings: Simulation of the 1968 “Draft Inter- 

- national Cocoa Agreement” Tetieh A. Kofi 
The-1968 “Draft International Cocoa Agreement’ “Description and Construction of the Simula- 
tion Model—Simulation Run Results and Analysis—Conclusions and Inferences from the Study ` 
—Citations—A ppendixes 

Market Articulation and Economic Stratification in Western Guatemala .. . Carol A. Smith 
Economic and Social Features of Western Guatemala—The Distribution of Major Central Places 
—-Commodity Flows—Distributive Systems and the paticalalon of Central Places—Marketing 
and Economic Stratification—Citations 


Three Issues Annially/ Annual Subscription, $10. Single Copy, $4. 


PUBLISHED BY THE FOOD RESEARCH INSTITUTE, STANFORD UNIVERSITY, 
STANFORD, CALIFORNIA 94305 





Computerized ‘monthly production of 


WORD AGRICULTURAL. ECONOMICS AND RURAL SOCIOLOGY ABSTRACTS (WAERSA) 


From January 1973 production of WAERSA and the other 19 abstract TEON covering all scientific aspects 
of world agriculture, produced by Commonwealth Agricultural Bureaux, will be computerized. 


A monthly WAERSA will provide even greater current awareness of all economic, sociological and policy as- 
spects of world agriculture, production and trade. Additional services such as cross-disciplinary searches, ` 
special profiles, etc., will also be avallable as the machine data base on CAB journals builds up. Data can 
also be supplied on magnetic tape. i 


There are now more ‘than 20 tities available in WAERSA's new series of Annotated Bibllographles on 
specialized aspects of agricultural economics and particular geographical areas (Afrleay EEC; Asia, indi- 


vidual countries; etc). Further titles are always under preparation to meet current Interests and develop- 
ments In agricultural economics, 


WAERSA Annual Subscription ‘Full list of Bibliographies 
£22.00 ($57.00) f 
£9.00 to subscribers in countries contributing to 
CAB) 


from: from: 


Commonwealth Agricultural Bureaux, ©- Commonwealth Bureau of 
Central Sales, ; . Agricultural Economics, 
Famham House, , Dartington: House, 
Farnham Royal, __Uttle Clarendon Street, 
Slough, SL2 3BN, England . Oxford, OX1 2HH, England 
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agia culture in Economic Development ........eseossssensscseeesrosesrererses S. Thornton 
ur and Upland Rice Production ......... 6. cece eee eee eee >A. O. Njoku od G. L, Karr 
Farm-Firm Normative Fertiliser Demand Response in the North Central State of Nigeria ...... 

iets E Whtape cease abate, we Gee E bat enw Rew TE O. Ogunfowora an D. w. Norman 
A Social Cost-Benefit “Analysis of Road Building for Agricultural Development: A Case Study 

from Tanzania opresar eadeni oiedi mesa ieee weet tales bees H. A. Luning and J. J. Srerkonberg 
Structural Policies and British Agriculture .......... 0020s eee eee eee eee eee enna R. C. Hine 
The Movement of Irish Cattle in Scotland .......... 0. ccc cece eee eee ene enee W. J. Carlyle 
On Some Estimates of Price Flexibilities for Meat and Their Interpretation D: R. T and H. Miab ` 
Price-Quantity Relationships Within the British Butter Market Sinaia Ha ate bane AES H. Atkins 
Estimating the Elasticities of Demand for Sugar ..........2.-. 2c errar eee ene ue " Cubbin 
To the Future; With Indifference or Concern?—The Social Discount ‘Rate and its Impli ications 
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. Journal of 
THE AGRICULTURAL ECONOMICS SOCIETY 
Published thrice yearly; annual subscription £3.50 
Edinb l of Agriculture, West Mains Rd., Edinburgh EH9 3JG, ‘Scotland. 
Bator R, r. A Soca of Agricultural Economics, Wye College, Ashford, Kent, to 
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LINEAR 
PROGRAMMING 
APPLICATIONS IN 

AGRICULTURE 


RAYMOND R. BENEKE . RONALD D. WINTERBOER 





Many excellent references are available on the theoretical structure 
and implications of activity analysis. But the authors of LINEAR 
- PROGRAMMING APPLICATIONS IN AGRICULTURE are con- 
vinced that it is impossible to understand the limitations and 
potential of the method without constructing, optimizing, and then 
experimenting with a variety of models. In this new book they aid 
the novice in learning linear programming techniques by applying 
_ these techniques to practical farm planning problems, including 
ration formulation, grain blending, transportation, pasture plan- 
ning, and irrigation or water allocation. Throughout the text the 
authors use partlal models to illustrate one of two ideas at a time. All 
of the models assume a thorough knowledge of Corn Belt 
agriculture. This book aids anyone with a modest background in 
algebra, economics, and computer science in learning linear 
programming techniques such as simplex method, model con- 
struction, and optimization and postoptimization procedures. 


Raymond R. Beneke is head of Economics and Professor of 
Agricultural Economics at lowa State University. Ronald Win- 
terboer is Instructor of Agricultural Economics at lowa State 
University. 


CONTENTS: Preface. Background and History. Linear 
Programming Procedures. Constructing Programming Models. 
Procedures for Data Preparation and Processing. Forming Price 
and Production Coefficients. Suitable Field. Time Restraints. 
Methods to Evaluate Sensitivity of the Plan. Other Modification 
Procedures. Forming Capital Restraints and Coefficients. 
Simulation from Programming Models. Machine Budgeting and 
Partial Optimization. Programming Applications to Problems of 
Minimization. Other Maximization Applications. Appendix. Index. 


252 pages, $9.95 


IOWA STATE UNIVERSITY PRESS . 
AMES, IOWA 50010 | 


JOURNAL OF REGIONAL SCIENCE © 
Vol. 13 a 1973 


Land Allocation and ERITA Pricing in a Mixed Economy 
Christian P. Averous and Douglass B. Lee, Jr. 


A Nationally-Linked Regional Econometric Model Robers Thomas Crow 


A Note on Migration, Economic Opportunity, and the Quality of Life 
Richard J. Cebula and Richard K. Vedder 


Lésch’s Theorem of Hexagonal Market Areas 

A Test of Shift and Share Analysis as a Predictive Device .... Franklin James, Jr. and James Hughes 
A Generalized Trip Distribution Model . Frank J. Cesario 
Determinants of Migration to’ Central Cities Janet Rothenberg Pack 
Interregional Comparison of Production Structures 

Spatial Distribution of Population: Cities and Suburbs Randolph C. Martin 


A Note on Short Period Changes in Earned Income in Manufacturing Among Urban Areas . 
James L. Freund 


Selected Titles from Current Journals 


The JOURNAL OE REGIONAL SCIENCE is published in April August, and December b the Regional Science 
Research Institute, G.P.O. Box 8776, Philadelphia, Pennsylvania 19101, in cooperation with the Department of 
Regional Saden "Wharton School, University of lvania. The subscription rate bs $15.00 per volume or $5.00 
per issue. All orders should be ad onal Science Research Institute. Address all editorial com- 
munications to W. Isard, Editor, Journal of Regional Science, G.P.O. Box 8776, Philadelphia, Pennsylvania 19101. 
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economics 


Pasour - Real Property Taxes and Farm Real Estate Values 


- Saumway - Resource Allocation in Research 


Scarzmver, Muncrier, AND Davis - Solid Waste Management 
ALCANTARA AND Prato - Sugarcane Production in Brazil 
Kort - Efficiency of Futures Markets 


PROCHASKA AND SCHRIMPER - Away-From-Home Food Con- 


sumption 


SHORT ARTICLES AND NOTES 


Sjo, Onazem, AND Brene—Undergraduate Program Revision 
Pasoun—Economic Growth and Agriculture 
Szacnaves—Appraising Environmental Institutions 
Curme—Cost-Benefit Analysis of Irrigation Profects 
Knavsx—Joint Ventures and Family Labor Sized Farms 
Cusxapen—Labor Productivity in Apple Harvesting 
Canney—Agricultural Trade Intensity 
Caniry—Silage-Concentrate Substitution in DHIA Herds 
TryFos AND TRyPHONOPOULOS—Demand for Meat in Canada 
Prxa—Storage Theory and Commodity Equilibrium Prices 
Pans AND Raussen—Aggregation in LP Models 
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Real Property Taxes and Farm Real Estate Values: 
Incidence and Implications* 


E. C. Pasour, Jr. 


The relationship between reductions in real property taxes and farm real estate values is in- 
vestigated. Average per acre value of farm real estate in North Carolina is regressed on the 
tax rate and other variables relating to farm size, land productivity, urban influence, and 
recreational demand. The results indicate that property tax reductions for farm real estate are 
largely capitalized into higher real estate values. The effect of a given decrease in tax rate for 
owners of farm real estate is contrasted with a similar decrease for owners of residential real 


estate, 


tral political issue of the 1970’s. The local 

property tax has been attacked by non- 
farm as well as farm interests. Some of the 
pressure, especially by nonfarm interests, has 
emanated from the role of the property tax in 
financing local schools. Much pressure has also 
been exerted by farm interests to reduce the 
level of property taxes on agricultural real 
estate, especially in rapidly urbanizing areas. 
Little information is available, however, con- 
cerning the potential impact of “property tax 
relief?” for farmers vis-à-vis other property 
owners. 

The effect of a change in the level of property 
taxes on the owner of any form of real estate 
depends upon the amount of real property held 
and the extent (if any) to which the taxes are 
capitalized into land values. In some cases, the 
primary effect of a change in the tax rate is on 
the value of the taxed property. In other cases, 
the major effect is on rents instead of property 
values. There is a fairly general consensus 
among economists that increases in levies of 
property taxes on farm real estate are capital- 
ized, at least to some extent, into lower property 
values. However, there has been very little 
empirical work to determine the extent to 
which farm real estate values are affected by 
changes in local property taxes. 

This study was designed to provide infor- 
mation concerning the relationship between 


* Journal Series Paper 4089. North Carolina State Uni- 
‘versity Agricultural Experiment Station. Material pre- 
sented here is condensed from a forthcoming Economics 
Research Report (No. 25) of the Economics Department, 
North Carolina State University. Helpful comments were 
received from Leon Danielson, Dale Hoover, and Dave 
Hyman. 


E. C. Pasour, JR. 45 professor of economics at North Caro- 
lina State University, Raleigh. 


Presta tax relief has surfaced as a cen- 





changes in the level of property taxes and the 
value of farm real estate in North Carolina. 
The results of the study and those of a com- 
panion study are then used to analyze the effect 
of a reduction in property tax rates on owners of 
farm real estate vis-d-vis residential property 
owners in North Carolina. The results are 
likely to be broadly applicable to agricultural 
real estate for other areas. 


Tax Incidence 


In view of the importance of property taxes 
both in financing local governmental services 
and as a Cost component in agricultural produc- 
tion, economists have given surprisingly little 
attention to the incidence of property taxes 
levied on farm real estate. Empirical results are 
limited and inconclusive. Netzer cites only two 
studies. One study (by Jensen) found strong 
evidence of capitalization of farmland values 
during the period from 1919 to 1924. Another 
study in Michigan (by Daicoff) found little 
such evidence [3, p. 34]. A more recent study in 
Indiana found that increases in property tax 
collections were associated with decreases in 
farm real estate values [8]. 

There is general agreement among economists 
that taxes are capitalized into lower land values 
when levied on unimproved land where supply 
is perfectly inelastic (Fig. 1). The price of land 
before the tax is imposed is Po when the supply 
and demand of land are designated by S and D, 
respectively. Total supply of land is not af- 
fected by the imposition of a tax on land. Con- 
sequently, the stream of potential returns from 
the land will be reduced by the present value of 
this stream of tax payments which must be paid 
from the rent. Price of the land would then de- 
crease by the amount of the capitalized taxes. 
In the situation depicted in Figure 1, the tax is 
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“Tacks 


Capitalization of a ‘tax on land in Perfectly 
inelastic supply 


Figure 1. 


fully capitalized and the value of the land is 


reduced from OP») to OP! 

The assumption that farmland is in perfectly 
inelastic supply is not completely correct. 
Large amounts of land have been reclaimed 
(e.g., by drainage). Furthermore, improvements 

‘in the form of fertilizer, drainage, clearing, and 
grading represent investments in reproducible 
capital which affect land values. The quantity 
of reproducible capital inputs used to improve 
land will incréase in response to price increases 

` for developed land, Furthermore, land shifts 
out of agriculture as the opportunity cost of 
farmland in other uses increases. If the supply 

of improved land is not completely inelastic, a 


tax on land will not be fully capitalized into | 
lower land prices. This situation is depicted i in. 


Figure 2. 

In the example depicted in Figure 2, the tax 
lowers the demand curve from D to Dy. As a re- 
sult of the tax, the quantity of developed land 
falls (or does not increase as rapidly as it might 
have) from ogo to og. The annual rental value 
of the land is increased slightly from Oro to Or: 
` go that this portion of the tax is shifted. The 
remaining portion of the tax (Oro less Ors) is 
capitalized into lower property values. The por- 
tion of. the tax which is capitalized into lower 
property values will constitute the bulk of the 
tax so long as supply is quite inelastic. . 

The situation depicted in Figure 2 character- 


1 Even if the supply of land-and other real estate were 
perfectly inelastic, however, one cannot conclude that the 
value of the land would necessarily be reduced by the 
amount of the capitalized tax. The proceeds of a real prop- 
erty tax might be used to provide roads or other public 
services which increase the value of the taxed property. In 
this case, property taxes are likely to be less than fully 
capitalized into lower property values even though the sup- 
ply of real estate were highly inelastic. 
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izes the farm real estate market. Buildings, land 
clearing, grading, and other reproducible capital 


` constitute a portion of the value of farm real — 


estate. Although the supply of reproducible 
capital is much more elastic than the supply of 
land, in practice it is difficult (if not impossible) 
to separate the value of land from the value of 
improvements, 

One cannot determine: on a priori grounds the 


incidence of property taxes levied on farm real ` 


estate. However, it appears likely that property 
taxes on farm real estate in North Carolina are 
capitalized. to some extent into lower ‘property 
values. The annual rent “or return from farm- 
land is equal to the expected return net of taxes. 
In determining the expected return, the North 
Caronina agricultural producer can largely take 
product price as given. Prices of most farm 
products produced in North Carolina are de- 
termined mainly. by conditions of the national 
market instead of local conditions since the pro- 
portion of the total output produced is small.’ 
At the same time, increases in local property | 
taxes serve to increase production costs. Conse- 
quently, an increase, for example, in the level ` 
of property taxes in North Carolina above the 
level of ‘property taxes in other areas will have 
little effect on agricultural product prices but 
will increase costs and, hence, decrease the net. 
return to Jand. An increase in the tax cannot be 
shifted forward in the form of higher product 


„prices under these conditions, but will be re- 


flected in a decrease in the return to land and, 
hence, land price? 


2 This conclusion must be tempered, however, to the 
extent that the demand for agricultural real estate comes 
from nonagricultural uses, the price of a product is signifi- 
cantly affected by increases in North Carolina production 


Q ute 





Figure 2. Effect of a tax on land when supply of land. 
` ig not perfectly inelastic . 
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The Model 


The value of farm real estate on a county 
basis for North Carolina is regressed on the tax 
rate and a group of variables expected to be 
associated with changes in prices of farm real 
estate.* Four categories of explanatory variables 
related to agricultural productivity, farm size, 
urban influences, and recreational demand were 
included in the analysis. 

Observations of the present study were on a 
county basis for North Carolina. The dependent 
variable was the average value per acre of farm- 
land and buildings. The average value of farm 
real estate was $318 per acre ranging from a 
low of $169 per acre to a high of $577 per 
acre [12].é 

The effective tax rate, which is the nominal 
or actual rate times the assessment ratio, was 
used to indicate the level of property taxes. The 
official assessment ratio in North Carolina, i.e., 
the ratio of assessed value to appraised value, 
ranges from 40 percent to 100 percent. The 


average effective tax rate for all counties in- 


cluded in the study was $.79 per hundred dol- 
lars assessed value ranging from $.48 to $1.24 
per hundred dollars assessed value between 
counties [5]. 

Three different variables were used to reflect 
differences in productivity. The hypothesized 
sign for each of the productivity variables was 
positive. The data source for each of the varia- 
bles was the 1970 North Carolina A griculiural 
Statistics [4]. The first productivity variable, 
cropland as a percent of total farmland, was 
hypothesized to have a‘positive sign since crop- 
land has a higher value, on the average, than 
other farmland. 

Two economic measures of productivity were 
used, The first variable, the market value of 
crops and forestry per acre of land in farms, 
provides a measure of differences in land value 





costs due to a large part of total output of the product being 
produced in North Carolina, or the proceeds of the tax are 
used to provide roads or other public services which en- 
hance the value of the taxed property. 

2 The model is similar to that used by Hyman and Pasour 
[2] and Oates [7]. 

+The 14 counties comprising the six Standard Metro- 
politan Statistical Areas in North Carolina were excluded 
from the analysis due to the definition of one of the inde- 
pendent variables related to urban influence. These 14 
counties were Brunswick, Buncombe, Cumberland, Davie, 
Durham, Forsyth, Guilford, Mecklenburg, New Hanover, 
Orange, Randolph, Union, Wake, and Yadkin. Three 
other counties (Dare, Cherokee, and Gaston) were excluded 
from the analysis since data on one or more variables for 
these counties were not available. 
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due to allotted crops and soil productivity. 
However, differences in farm real estate values 
(given soils and allotted crops) might also exist 
due to different amounts of hogs or poultry. 
Hence, the second variable included the value 
of all agricultural products sold per acre of land 
in farms not included in the first variable. The 
two variables were not highly correlated 
(r=.28). : 

Size of farm was included since a number of 
past studies has shown that the average value 
of farm real estate per acre tends to decrease as 
farm size increases. Hence, the coefficient of the 
farm size variable was hypothesized to have a 
negative sign. 

Previous studies have shown urban influence 
to be an important determinant of farm real 
estate prices, especially for farmlands located 
near large urban centers. Two measures of eco- 
nomic growth or development were taken from 
the 1970 Census of Population [11]. First, popu- 
lation per square mile within a county provides 
an indication of the current level of develop- 
ment. Second, the percentage change in popula- 
tion from 1960-70 indicates the rate of eco- 
nomic growth. It was hypothesized that an in- 
crease in each of the variables was associated 
with an increase in farm real estate values. 

Finally, two dummy variables were included 
to compensate for intangible factors related to 
recreational opportunities which were hypothe- 
sized to cause farm real estate values to be 
higher in the mountain and coastal counties of 
North Carolina. These variables were hy- 
pothesized to have positive signs. 

In summary, the following economic model 
was formulated: 


(1) Y = (Xi, X», Xs, Xa, Xs, Xo, Xa, Xs, Xo) 
where 


Y = Average county value of farm real es- 
tate in North Carolina, per acre, 1969. 
Xı= Effective property tax rate in dollars per 
hundred dollars assessed value on an an- 
nual basis by county, 1969. 
Xı= Percentage change in population from 
1960-70 by county in North Carolina. 


5 The location of farmland relative to urban centers was 
initially included as an explanatory variable of farm real 
estate prices. The distance to an urban area for each of the 
North Carolina counties in this study was taken to be the 
linear distance of the county from the nearest Standard 
Metropolitan Statistical Area (SMSA) following the pro- 
cedure of Hammill [1]. The coefficient of this variable was 
not significant in preliminary tests of the model, and the 
variable was then dropped from the analysis. 
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X= Population per square mile by county in 
North Carolina, 1970. 

X,== Cropland as a percent of total farmland 
by county in North Carolina, 1969. 

X:= Average market value of crops and 
forestry per acre of land in farms by 
county in North Carolina, 1969. 

Xq= Average market value of all other agri- 
cultural products sold per acre of land in 
farms for each county in North Caro- 
lina, 1969. 

X= Average size farm by county in North 
Carolina, in acres, 1969. 

Xs = Dummy variable for counties located in 
Western North Carolina. 

X,= Dummy variable for coastal counties in 
North Carolina. 


All variables except X; and X; (tax rate and 
average size farm) were in linear form. Variables 
X, and X; were employed in log form which 

slightly increased their explanatory power.® 


Empirical Results 


The economic model specified in the previous 
section was estimated by ordinary least squares 
regression procedures using cross-sectional data. 
There were 83 observations. 

The following equation was estimated? 


(1) YF = 293.51 — 74.02 log X, + 1.97X: 


(28.41) (0.70) 
+ 0.34X3 + 1.97X4 + 1.99X5 
(0.15) (0.68) — (0.22) 


$ This semi-log form means that one expects a given per~ 
centage change in an independent variable to have the 
same effect on the dependent variable regardless of the 
absolute level of the independent variable. Use of this func- 
tional form thus implies that one expects the impact of a 
given change in an explanatory variable on property 
values to be less at higher values of the variable. The value 
per acre of farm real estate, for example, is not likely to 
vary linearly with the absolute level of the tax rate. Instead, 
a given change in the tax rate (eg., $.10/$100 assessed 
value) would likely have a smaller effect, the higher the tax 
rate. 

Previous studies have shown that an increase in farm 
size is typically associated with a decrease in average price 
per acre of land. It is unlikely, however, that the increase 
is linear. It is likely that an increase in farm size of a given 
amount, e.g., one acre, would be associated with a smaller 
decrease in average land price as average farm size in- 
creases. 

7 The coefficient of log Xi, (h), or log Xz, (b), is bi 
~dY/dxi/Xt. Equivalently, 2¥=b,;(0x:/X5). If the per- 
centage change in X; is 1 percent, then the change in F is 
.01(6:). That is, the coefficient of log X; (when divided by 
100) may then be interpreted as the change in the absolute 
value of Y associated with a 1 percent change in X;. 
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+ 0.50X, — 47.91 log Xy 


(0.15) (20.27) 
+ 109.10X, + 17.41 Xo 
(19.67) (16.35) 


The standard error for each of the regression 
coefficients is shown directly below the coeffi- 
cient. The regression coefficient of each variable 
has the hypothesized sign, and the coefficients 
of all variables except for X, have relatively 
small standard errors. The variables explain 
approximately three-fourths of the variation in 
the per acre value of farm real estate between 
various counties of North Carolina. The rela- 
tionship between the tax rate and property 
values is analyzed after a brief discussion of the 
relationship between the other independent 
variables and the value of farm real estate. 


Relationship of non-tax variables to farm real 
estate values 


The coefficient for each of the urban influence 
variables, X: and X3, was positive. The coeffi- 
cient for X3 indicates that an increase of 10 per- 
cent in county population during the decade of 
the 1960’s, other factors held constant, was 
associated with an increase of $19.70 per acre . 
in the average value of farm real estate. The 
coefficient for population density, X3, indicates 
that an increase in population of 10 persons per 
square mile was associated with an increase of 
$3.40 per acre in average value of farm real 
estate. Mean values of X and X; were 2.8 and 
75.4, respectively. 

Each of the productivity variables has the 
hypothesized positive sign. An increase of 5 per- 
cent in cropland as a percent of total farmland, 
Xu, was associated with an increase of $9.85 per 
acre in the value of farm real estate. An increase 
of $10.00 per acre in the average annual market 
value of crops and forestry sold per acre of 
farmland, Xs, was associated with an increase 
of $19.90 per acre in the average value of farm 
real estate. An increase of $10.00 per acre in 
average market value of all other agricultural 
products sold per acre of farmland, Xe, was as- 
sociated with an increase of $5.00 per acre in 
the average value of farm real estate. The 
average values of X, and X, were $47.50 and 
$38.00, respectively. The larger coefficient for 
Xs relative to X is plausible since production of 
crops and forestry is likely to be more closely 
related to land productivity than is the produc- 
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tion of commodities which are more capital in- 
tensive, e.g., poultry and hogs. 

Average size farm, X7, was inversely related 
to average value of farm real estate on a per acre 
basis when other factors were taken as constant. 
The coefficient for X; indicates that a 10 per- 
cent increase (decrease) in average farm size 
was associated with a decrease (increase) of 
$4.79 per acre in the average value of farm real 
estate. Demand for residential purposes and for 
add-on land to farms may explain part of the 
reason for the inverse relationship between size 
of farm and real estate values on a per acre 
basis. A more plausible explanation, however, 
may be that the ratio of the value of improve- 
ments to land including dwellings is higher for 
smaller farms. 

The dummy variables, Xs and Xo, were in- 
cluded to compensate for intangible factors re- 
lated to recreational opportunities which were 
hypothesized to cause farm real estate values to 
be higher in mountainous and coastal areas of 
North Carolina. The significant coefficient for 
Xs indicates that average farm real estate 
prices are approximately $110 per acre higher in 
Western North Carolina after adjusting for 
farm size, economic productivity, agricultural 
tax rate, and the other variables included in 
equation (1). The coefficient for X, has a large 
standard error. This is not too surprising since 
much of the agricultural land in the coastal 
counties is not well situated for recreational 
uses.’ 


Capitalization of property taxes 

The statistically significant coefficient of the 
tax rate variable, X;, indicates that an increase 
of 10 percent in the effective property tax rate 


* The Tiebout hypothesis was also tested in the analyals 
[9]. This hypothesis holds that property owners (and 
other consumers) shop among communities with different 
packages of local public services to select the community 
offering the combination of taxes and expenditures most 
closely suited to their preference. 

Local schooling is the major public service provided to 
owners of farm real estate. The Tiebout hypothesis was 
tested in two other versions of the model by including 
alternative measures of educational expenditures (as mea- 
sures of public output). The first regression included educa- 
tional expenditure on a per capita basis while the second 
included these expenditures on a per pupil basis [6]. In 
each case, the coefficient of the public output variable was 
nonsignificant. The nonsignificant coefficient of the output 
variable (in both equations) does not support the Tiebout 
hypothesis as it relates to farm real ‘estate in North Caro- 
lina. This result is not surprising in view of mobility ob- 
stacles for farmers. These obstacles are likely to swamp the 
impact of public output in the farmer’s location decision. 
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was associated with a decrease of $7.40 per acre 
in the average value of farm real estate. This 
means that an increase in the effective local 
property tax rate from $1.00 to $1.10 per $100 
assessed valuation will reduce the market value 
of farm real estate by about $7.40 per acre.’ 
This result suggests that long-run capitalization 
of property tax differentials on farm real estate 
in North Carolina does occur, but this result by 
itself does not indicate the extent of capitaliza-’ 
tion. 

How does the capitalization suggested in (1) 
compare with full capitalization of an increase 
in the effective tax rate from $1.00 to $1.10 per 
$100 assessed valuation? Consider the average 
value of farm real estate in the sample with a 
market value (V) of $318 per acre and assume 
that the appropriate discount rate for land is 5 
percent. How would full capitalization affect 
market value under these conditions? 

At an interest rate of 5 percent and a tax rate 
of 1 percent, land must yield an annual return 
of $19.08 to be consistent with the market value 
of $318 per acre. That is, $318=R/.05+.01 or 
R=$19.08. 

If the tax rate increases to 1.1 percent (from 
$1.00 to $1.10 per $100 assessed valuation) and ` 
the annual return is $19.08 per acre, market 
value is reduced to $312.79: V=19.08/.05 
-+.011= $312.79. 

Full capitalization of the increase in tax rate 
reduces the market value of farm real estate by 
slightly more than $5 per acre. The empirical 
results obtained in the analysis as presented 
above in relationship (1) thus would appear to 
suggest that property tax differentials are more 
than fully capitalized. However, the discount 
rate used in the capitalization procedure is the 
critical variable in determining the extent of 
capitalization on property values. The higher 
the discount rate, the smaller the capitalization 
effect of a given change in the tax rate (assum- 
ing full capitalization). For example, if a dis- 
count rate of 7 percent (instead of 5 percent) is 
used in the above example of a 1 percent in- 
crease in the effective tax rate, full capitaliza- 
tion of the tax differential implies a reduction in 
value of only $4 (from $318 to $314). 

The rapidly appreciating value of farm real 
estate must be taken into account in determin- 
ing the appropriate discount rate to use in the 
capitalization procedure. The index value 

* The increase in effective tax rate from $1.00 to $1.10 


represents an increase of .10 of one unit in X: expressed in 
natural log form, 
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(1967 = 100) of average value per acre of farm 
real estate in North Carolina increased from 40 
in 1950 to 122 in 1971 [13, p. 47]. This indicates 
that the average nominal value per acre of farm 
real estate in North Carolina has more than 
tripled since 1950 and represents a compounded 
rate of appreciation of average farmland values 
on a per acre basis of slightly more than 5 per- 
cent per year.'° 

` Since this increase in farm real estate values 
‘has persisted over a long period of time, one 
might expect the appreciation to be reflected in 
prices of farmland. In this case the capitaliza- 
tion formula for estimating value of farm real 
estate should reflect the annual rent or return 
on land, the tax rate, and the rate of apprecia- 
tion. Modifying the capitalization formula 
slightly to reflect the return due to appreciation 
in farm real estate values results in the follow- 
ing: V=R—w+AV/i . 
where 


V = Market value per acre of land. 

R= Annual land rent per acre with the rent 
assumed to be received in perpetuity. 
i= Effective tax rate (ona percentage basis). 

i= Discount rate. 
A = The expected annual appreciation in farm 
real estate values (on a percentage basis). 


Solving for V gives V=R/i+t—A 

Assume for a moment that the effective tax 
rate is zero. If + is the market interest rate, e.g., 
8 percent, and land is expected to continue to 
appreciate at 5 percent per year, the appropri- 
ate discount rate in capitalizing the annual rent 
on the land would be 3 percent instead of 8 per- 
cent. 

How is the average value of farm real estate 
in North Carolina in this study ($318/acre) af- 
fected by full capitalization of the increase in 
effective tax from $1.00 to $1.10 when the dis- 
count rate is 3 percent? In this case, full capital- 
ization implies a reduction in value to $310 per 
acre, or a decrease of $8 per acre.“ Consider 
another example. Full capitalization implies a 
$10 per acre reduction in value at a discount 
rate of 2 percent. A 2 percent discount rate 
would be appropriate if the market interest rate 
were 7 percent and the expected rate of appreci- 


1 Compounded rates of appreciation of average farm 
real estate values per acre in North Carolina during the 
past 30, 40, and 50 year periods were approximately 6.5, 
5.0, and 3.5 percent, respectively [13, p. 47]. 

x $318= R/.03-+-.01 or R= $12.72. 

- Ve 12.72/.03+.011 or V=$310, 
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ation in land values were 5 percent per year. 
Hence, the results presented in (1) indicate 
that an increase (decrease) in property taxes on 
farm real estate in North Carolina is substan- 
tially capitalized in the form of depressed (in- 
creased) property values. 


Implications 

The empirical results discussed above indi- 
cate the extent to which property tax differen- 
tials (not total property tax levies) are capital- 
ized. Strictly speaking, the results of this study 
do not indicate the impact on propérty values 
of that portion of property taxes which is com- 
mon to all taxing jurisdictions (counties) in- 
cluded in the analysis.” A similar relationship 
may hold between a change in the level of farm 
real estate taxes in North Carolina vis-à-vis 
those in other states for the reason cited above, 
viz., changes in local property taxes affect costs 
but have little effect on agricultural product 
prices which are largely determined in a na- 
tional market. There is no consensus concerning 
the incidence of that portion of property taxes 
levied on farm real estate which is common to 
all states. 

A number of proposals have been advanced 
to reduce the dependence of local governments 
on local property taxes. However, there is little 
information concerning the distributional im- 
pact of many of the proposals. For example, 
how would a decrease in local property taxes 
affect owners of farm real estate vis-à-vis other 
property owners? The answer to this question is 
necessary in analyzing the effect of moving to a 
frequently discussed system in which the state 
assumes increased responsibility for the financ- 
ing of local schools. 

Consider the often cited proposal to eliminate 
the use of local property taxes in supporting 
local schools. In 1969-70 about 40 percent of all 
property taxes levied by all local jurisdictions 
in North Carolina were levied in support of 
public schools [5, p. 282].1% What would be the 
effect of a 40 percent reduction in the property 
tax rate for owners of farm real estate relative 
to residential home owners in North Carolina? 
If it is assumed that the results obtained in (1) 
apply to the full amount of the reduction, an 


This is basically the same problem or limitation one 
faces in interpreting any empirical result, ois., one cannot 
extrapolate. beyond the range of the data. 

4 This figure is considerably below the U. S. average 
since the state already provides about 70 percent of the 
operating expenses of local schools in North Carolina. 
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estimate of the effect on farm real estate values 
can be obtained. The average county value of 
farm real estate in North Carolina was $318 per 
acre, and the average effective tax rate was 
$.79 per $100 assessed valuation (for the 83 
counties included in the analysis). The average 
property tax actually levied per acre of farm 
real estate in North Carolina in 1970 was $1.79 
[14]. This-implies that the average appraised 
value was $227 per acre (when the average ef- 
fective tax rate was $.79). The average size 
farm was 121 acres (for the 83 observations in- 
cluded in the analysis) so that the average 
property tax bill was $217 (121 $1.79). 

A 40 percent reduction in the effective prop- 
erty tax rate to $.47 [using relationship (1) ] 
to capitalize the decrease in taxes would in- 
crease property values by $38 (from $318 to 
$356) per acre and reduce property taxes from 
$1.79 to $1.19 ($.47X 2.53) per acre (from $217 
to $144 per farm).14 This amounts to a reduction 
in taxes paid of 34 percent. Hence, a given re- 
duction in the effective tax rate under these 
conditions will reduce the amount of property 
taxes paid by less than the reduction in the tax 
rate. 

This result when considered in connection 
with results of a closely related study recently 
completed in North Carolina concerning the re- 
lationship between real property taxes and resi- 
dential housing values suggests that property 
tax reduction considered alone may yield a dif- 
ferential impact on farmers versus other groups 
of taxpayers.! The closely related study indi- 
cates that changes in property taxes have 
little effect on the value of residential housing 


4 A decrease from $.79 to $.47 is equivalent toa decrease 
of .52 unit of the natural log of the effective tax rate. The 
appraised value after the decrease in tax rate is assumed to 
represent the same proportion of the market value as pre- 
valled before the tax reduction, vis., .71. This suggests that 
farm real estate on the average is appraised about 30 per- 
cent below market value. 

4 There is, however, an added capital gain to the owner 
of real estate whose value is enhanced as a result of a reduc- 
tion in the rate of taxation of real property. The conclusion 
that a given percentage reduction in the tax rate will 
reduce property tax payments by a smaller percentage 
assumes an adjustment period sufficiently long for prop- 
erty to be reappraiged in response to the increase in value 
arising from the decrease in tax rate. Taxes would fall in 
proportion to the change in the tax rate until reappraisal 
occurs. 

M The method of providing additional state tax revenue 
(sales taxes, income taxes, etc.) to compensate for the 
reduction in property taxes is also likely to have a differ- 
ential impact on farmers vis-d-vis other groups of taxpayers. 
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in North Carolina [2]. If this is correct, a 40 
percent decrease in the property tax rate would 
decrease the amount of property taxes paid by 
approximately 40 percent for owners of resi- 
dential housing. Hence, owners of farm real 
estate would receive a smaller tax benefit for 
a given reduction in the property tax rate per 
$100 of taxable real estate to the extent that 
there is more capitalization of property taxes” 
into higher farm real estate values. 

The full impact of a change in the effective 
property tax rate for farmers relative to non- 
farmers, however, hinges on the level of the tax 
rate, the extent to which property taxes are 
capitalized, and on the amount of property 
being taxed. The effective tax rate for farm real 
estate is lower, and there is evidence that farm 
real estate is appraised at a lower rate (relative 
to market value). However, average market 
value of farm real estate owned per farmer ap- 
pears to be higher than the average value of 
real estate owned by the average nonfarmer. 

How does the total effect of a 40 percent de- 
crease in the effective property tax rate for 
farm real estate compare with the effect of a 
similar decrease in the effective tax rate for 
residential housing? A recent study (alluded to 
above) of the relationship between real prop- 
erty taxes and residential property values in 
North Carolina for towns exceeding 2,500 in 
population found that the average effective tax 
rate was $1.53 per $100 assessed valuation and 
the average market value of owner-occupied 
houses was $12,500 [2]. If this real estate were 
appraised at market value, the average tax bill 
would be $191. Residential real estate in North 
Carolina on the average, however, appears to 
be appraised about 19 percent below market 
value.’® This reduces the average tax bill from 
$191 to $155. A 40 percent reduction in prop- 
erty taxes is then equivalent to a reduction in 


1 This work indicates that increases in taxes on both 
owner-occupied and rental property are largely passed on 
in the form of higher rents (implicit rents for owner- 
occupied property). The long-run and short-run effects of 
a decrease in the tax rate may be quite different. An adjust- 
ment period is assumed which is sufficiently long for the 
stock of housing to respond to the initial increase in value 
of housing brought about by the decrease in tax rate. 

18 The average county ratio of assessed value to appraised 
value at the time of the study was 55. The percentage ratio 
of assessed value to sales price of tracts of residential prop- 
erty actually sold in North Carolina in 1966 was 44.6 [10, 
pp. 42-47], This implies that the appraised value of resi- 
dential real estate on the average was 19 percent below the 
market value. 
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taxes of $62. This compares with a $73 reduc- 
tion in the amount of property taxes per farm 
(from $217 to $144) as computed above. Thus, 
the net effect of a given percentage reduction in 
property taxes on the average appears to be 
larger in absolute amount for North Carolina 
owners of farm real estate in spite of a lower tax 
rate and the capitalization effect because the 
-average value of real estate held by farmers is 
considerably higher.}® 

This does not mean, of course, that a given 
decrease in the effective property tax rate would 
benefit all farmers more (relative to non- 
farmers). The larger the value of real estate 
held, the greater the benefit from a given re- 
duction in the tax rate. Thus many owners of 


19 Equipment and personal property are excluded from 
both estimates. It is likely that the value of this kind of 
property is higher for farmers on the average relative to 
nonfarmers. Data to make this comparison are not avail- 
able. 

The aggregate effect of a given decrease in the tax rate 
for farm vs. nonfarm real estate owners depends on the 
proportion of farm real estate in the tax base. The aggre- 
gate value of farm real estate in North Carolina in 1969 
was about four billion dollars [12]. This was estimated to 
be slightly less than one-fourth of the total value of real 
property [5]. Thus the aggregate impact of a given tax 
reduction on real property for farm real estate would be 
much Jess than the impact for other real estate. For policy 
purposes, however, the incidence of a tax reduction for 
farmers as individuals vis-d-vés individuals of other groups 
is more important than the aggregate effect. 
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above average homes would benefit more from 
a given reduction in the effective property tax 
rate relative to many small farmers owning less 
than the average amount of farm real estate. 


Conclusions 


The results of this study are consistent with 
the widely held hypothesis that property taxes 
levied on land are largely capitalized into lower 
land prices. The results also emphasize that the 
effects of “property tax relief” for farmers will 
be quite different depending on the size of farm 
and the extent of capitalization of property 
taxes levied on farm property vis-d-vis other 
forms of real estate. 

Property taxes are much less important in 
financing local governments in North Carolina 
relative to most states. Consequently, the po- 
tential distributional effects of “property tax 
relief” may be greater in other states. However, 
property taxes are of major importance to 
farmers throughout the U. S. In view of these 
factors, it is surprising that agricultural econo- 
mists have not devoted more attention to the 
relationship between property taxes and farm 
real estate values. Information on this relation- 
ship is required to assess the effects of specific 
policy alternatives including the substitution of 
sales or income taxes for real property taxes or 
preferential taxation of agricultural land. 
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Allocation of Scarce Resources to Agricultural 
Research: Review of Methodology* 


C. Ricnarp SHUMWAY 


With an increasing stress on research budgets, the impetus for investigation of alternative 
models for managing research is growing. Much work has been invested already in technique 
development. To precede additional research, the current state-of-the-art in resource allocation 
methodology pertinent to agricultural research management is presented. The focus is on 
quantitative approaches for improving internal consistency of subjective judgments. The mar- 
ginal principle is applicable to, the selection of an optimal investment in management, and a 
rudimentary framework for implementing that principle is suggested. 


selected and funded by diffuse decision 
processes. This paper intends to contrast 
them to formal structured processes in order to 
introduce agricultural economists to the breadth 
of research conducted on research management 
and to stimulate thought for further research. 
The current state-of-the-art of research on re- 
search project selection and resource allocation 
is presented through a survey of the extant 
literature and recent unpublished studies. A 
practical approach for utilizing the marginal 
principle to select the optimum investment in 
management is outlined also. l 
The procedurés surveyed take’ the individ- 
ual’s subjective judgments as given and help 
give internal consistency in ranking research 
efforts and in allocating resources to them. 
They do not assist directly in formulating the 
“correct” judgment about a particular effort, 
although some stimulate opinion changes with 
additional information. 


Overview to the Problem 
Current decision process 


The great bulk of agricultural research con- 
ducted in the United States is performed by 
public organizations, primarily the U. S. De- 
partment of Agriculture and the State Agricul- 
tural Experiment Stations. While the decision 
process for allocating resources among research 
efforts varies considerably between organiza- 
tions; the following approach has been reason- 


* Paper No. 3982 of the Journal Series of the North Caro- 
lina State University Agricultural Experiment Station, 
Raleigh, N. C. The helpful suggestions made by Dale 
Hoover, Richard Perrin, Enrique Ospina, and the anony- 
mous Journal reviewers on earlier drafts are gratefully 
acknowledged. 


A ected i research projects are often 
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ably typical. The management system consists 
of the administrative officer, department heads, 
and professional scientists. In the project fund- 
ing process the administrative officer judges 
project outlines submitted to him by depart- 
ment heads who previously analyzed proposals 
prepared by a larger number of scientists, most 
of whom have tenure. Decisions about individ- 
ual projects are largely made on a year-to- 
year basis by each scientist acting as an entre- 
preneur on behalf of his own professional life; 
if he chooses projects which are not rewarding 
to the funders, other scientists, and the admin- 
istration, then he suffers. A great weight is 
placed on him for selection of the appropriate 
projects. The decision function involves not the 
selection and funding of specific projects so 
much as it is the employment of specific scien- 
tists who will be attached to the research or- 
ganization for a considerable period. Emphasis 
is on maximum freedom for the scientist to se- 
lect projects and undertake desired research 
with minimum control or direction from admin- 
istrators. Furthermore, if experiment station 
administrators are not willing to support 
specific research, the scientist there is normally 
free to seek grant funds from outside sources. 


Why modified decision processes are of 
interest 


Soon after World War II, as public invest- 
ment in research began a two-decade period of 
rapid growth, investigations of alternative ap- 
proaches to manage research were reported for 
the first time. Stimulus for such work came pri- 


marily from corporate managers concerned 


1 My thanks are due to Dale Hoover for his clear articu- 
lation of this process. While the terminology is for a State 
Experiment Station, the essential features are not greatly 
dissimilar from many USDA research agencies. 
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with the rate of return from investments in 
research as opposed to other activities and from 
government funders anxious to prevent waste 
from the rapidly growing budget. Since the 
availability of scientists was lagging behind, it 
was a seller’s market. Researchers had little 
difficulty securing funds for interesting prob- 
lems. 

In recent years, however, the cycle has 
‘peaked and the supply-demand relationship 
changed. Federal research and development 
expenditures have leveled off and substantial 
decreases have occurred in several areas, in- 
cluding-atomic energy and space [21 (1968) p. 
526; (1969) p. 524; (1971) p. 510; (1972) p. 
522]. Nonfederal expenditures have continued 
to rise, but not enough to offset even the effects 
of inflation [21 (1971) p. 508]. With greater 
competition among scientists for available 
funds, internal pressures have recently sur- 
faced for more intensive investigation of man- 
agement processes. 

Attention is focusing more directly on the 
research administrator, an important link be- 
tween funding sources and scientists. It is he 
who must account for current expenditures of 
funds while assuring significant achievements 
over time from a highly uncertain production 
process; he must allocate support funds even 
though he cannot program breakthroughs; he 
must keep scientists’ morale high and give them 
sufficient latitude to perform at their best at 
the same time they are competing more strenu- 
ously for limited resources. Or, he can solve the 
increased competition problem simply by allo- 
cating support funds evenly among all re- 
searchers or in proportion to salary. He can also 
reduce the size of his research staff through 
attrition and/or termination of untenured or 
noncareer scientists. He or his designates can 
evaluate the merits of the research proposals 
and specify which will be funded and how 
much. Here he will find an impressive array of 
management techniques generated in recent 
years, the objective of which is to help him be 
internally consistent and/or increase his like- 
lihood of receiving essential information to 
formulate a valid judgment. 

Most of the management tools presented in 
the next section are taken from the research 
management, utility theory, and behavioral 
science literatures. A few are taken directly 
from agricultural literature. These techniques 
vary widely in amount of time required to im- 
plement them, processing costs incurred, and 
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information generated. Important questions 
selectively addressed in this paper include: 


1. How quickly can judgments be obtained 
via the technique? 

2. What processing costs are incurred? 

3. How many opinions are listened to? 

4. How does the technique affect the risk of 
a bad decision? , 

5. What types of information can be ob- 
tained from the process (i.e., ordinal or 
cardinal ranking of projects, benefit/cost 
ranking, recommended allocation, sum- 
maries of specified characteristics)? 

6. How does the process handle funding op- 
tions, multiple constraints, and uncer- 
tainties? 

7. How many techniques is it compatible 
with? 

8. How have users judged the value of its 
products? 


Project Ranking 


Methods of ranking projects using both sin- 
gle and multi-dimensional measures of project 
benefit will be introduced first. 


One-dimensional ranking methods 


Individual participant “comparative” 
methods.—Several techniques, including Q- 
sort, paired comparisons, successive ratings, 
and successive comparisons, are included in this 
category Each has the common character- 
istic that a single judge compares the overall 
subjective worth of one item to another or 
group of items. When only a few items must be 
evaluated, methods in this group are among the 
simplest procedures for systematic comparison. 
An implicit assumption is that each item is in- 
dependent and mutually exclusive of all others. 

With Q-sort, projects are divided into hier- 
archal categories on the basis of their expected 
benefits.? Typically, essential information about 
a project is written on a card and the cards are 
then sorted into piles. No quantitative values 
are assigned to any category, but each may be 
divided into additional categories until no sig- 
nificant differences in anticipated benefits are 
discernible among its projects. 

With paired comparisons, a complete order- 
ing of projects is obtained and verified. All 


? Basic references for these techniques include Guilford 
[12], Luce and Raiffa [13], and Churchman, Ackoff, and 
Amoff [8]. 

3 This can be done on any other standard basis. 
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possible pairs are compared and the one with 
the higher expected benefit identified. Again, 
no quantitative value is assigned to any proj- 
. ect—only an ordinal ranking. 

After projects are ordinally ranked, succes- 
sive ratings and/or successive comparisons can 
be applied to establish and verify a relative 
cardinal ranking. Benefit-cost ratios can be 
computed from these rankings and used as a 
rational method of allocation if the funding de- 
cision is strictly of the “go-no go” type. 

With successive ratings, an arbitrary base 
number is assigned to the highest-ranked proj- 
ect. Numbers are given to each subsequent 
project in accordance with its anticipated bene- 
fits relative to the top one. These values are 
verified by covering them and repeating the 
comparison relative to the lowest-ranked proj- 
ect. If significant differences appear in the 
two sets of numbers, the procedure is repeated 
until consistent ratings are obtained when the 


scale is anchored to both the highest and low- - 


est-benefit projects. 
With successive comparisons, initially 
assigned values are refined by comparing the 
. value of one high-benefit project to portfolios 
of lower-benefit ones. The number of projects 
in the portfolio is successively reduced until the 
single high-benefit project is preferred to the 
portfolio. The logic of this method is structured 
to establish bounds on the cardinal ranks of all 
projects and to identify inconsistencies in ear- 

lier assigned values. 


Table 1. Comparative ranking methods* 
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A final comparative approach, dollar metric 
(see [19]), permits the calculation of absolute 
benefit-cost ratios. Paired comparisons are 
used first to identify the preferred project from 
each possible pair. From.an estimate of the 
expected cost of each project, the participant 
specifies how much the cost of the preferred 
project could increase before the other would be 
chosen. He repeats this procedure for all pairs. 
Next, he determines how much the cost of the 
least preferred project could increase (or de- 
crease) before he would be indifferent between 
funding the project or not having a project in 
this research area. This base figure permits the 
specification of anticipated benefit in dollar 
terms. By identifying actual expected cost, he 
can calculate a benefit-cost ratio with the 
numerator and denominator in the same units. 

Features of the comparative ranking methods 
are summarized in Table 1. Also included are 
two rankings of the methods by ease of use and 
user satisfaction with the product of the 
method. Rankings of the methods are based 
upon the reactions of middle managers who 
used four of them during a workshop on benefit 
measurement. Those methods which were 
easier, faster, and more natural to use also re- 
sulted in project rankings which were less use- 
ful and/or less satisfactory to the person ap- 
plying them. Several expressed most satisfac- 
tion with the ranking generated by using suc- 
cessive comparisons. However, each concluded 
that the thought process of comparing a proj- 


i User satis- 
Ranking Type of rank Potential uses in research Ranking methods it can faction Ease 
method obtained evaluation be used with with of use 
ranking 
Q-sort Categories Grouping of projects, program All 4> 1 
areas, criteria, or objectives 
Paired Ordinal Ranking of projects, program Q-sort, dollar metric, group meth- 3 2 
comparisons areas, Criteria, or objectives ods, multi-dimensional methods 
Successive  Cardinal—relative Ranking of projects, program Q-sort, paired comparisons, suc- 2 3 
ratings scale areas, Criteria, or objectives cessive comparisons, group and 
multi-dimensional methods 
Successive  Cardinal—relative Ranking of projects, program Successive ratings, group and 1 4 
comparisons scale : „areas, Criteria, or objectives multi-dimensional methods 
Dollar Cardinal—absolute Ranking of projects, program Q-sort, paired comparisons, group NA NA 
metric scale areas, criteria, or objectives and multi-dimensional methods 


* Ordering of methods is based upon author’s experience in working with 20 middle managers who applied the methods 


in a large governmental research and development orgenization. 1= highest ranked method (most sati 


NA=not applied. 


ion or easiest). 
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ect to portfolios was unnatural and preferred 
successive ratings even with a slightly less sat- 
isfactory ranking. 

Group-determined measures of benefit.— 
Even after the individual’s subjective rankings 

‘are elicited, the problem remains concerning 
. which person(s) to listen to and how to process 
multiple opinions. A number of options are open. 
The decision-maker can identify one ‘‘best” 
judge and listen exclusively to him. Alterna- 
_tively, to increase the likelihood of obtaining a 
more nearly ‘‘correct’”’ opinion, he can identify 
several experts and accept a simple or weighted 
average of their opinions as the best estimate. 
Following this course also permits determina- 
tion of the degree of variance among their opin- 
ions, an important byproduct. A third course 
permits interaction between participants. How- 
ever, when that occurs, independence of opin- 
ion is partially muted, and the ability to use 
statistical measures of variance is restricted. 
‘There are several forms of group interaction: 

1. In the “committee or round table” ap- 
approach, the group meets together, airs dif- 
ferences of opinion, and concludes with a re- 
portedly “group opinion.” Minority opinions 
may also be expressed. 

2. In the “chain-of-command” approach, 
interaction takes place between adjacent links. 
If a superior disagrees with a subordinate’s 
opinion, the subordinate’s view may be totally 
suppressed in the next step when the superior 
interacts with his superior. Most typically, 
only a single opinion exits from the highest link 
in the chain, and that is often formed through 
interaction with one other person. That indi- 
vidual in turn presented only one opinion al- 
though a wide variety may have surfaced in 
the interaction that preceded it. A variant of 
this approach, in which panels are included as 
three links in the chain, is being used at the 
Iowa Agricultural Experiment Station to evalu- 
ate ae research alternatives [11, pp. 326- 
343}. 

3. One formal methodology designed to pro- 
mote consensus of opinion without obscuring 
variants is known as Delphi [9]. It consists of 
a series of individual interrogations to a group 
of experts, interspersed with information and 
opinion feedback. Some questions inquire into 
reasons for previously expressed opinions. A 
collection of such reasons is then presented to 
each respondent with an invitation to recon- 
sider his earlier estimate. Delphi attempts to 
improve the committee approach by subjecting 
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views of individual experts to each other’s criti- 
cism in ways that avoid face-to-face confronta- 
tion. It provides anonymity of opinions and of 
arguments advanced in their defense. 

Each of the group methods can be used to 
obtain ordinal or cardinal rankings of projects, 
program areas, criteria, or research objectives. 
They can be used singly or in conjunction with 
comparative and/or multi-dimensional meth- 
ods. However, while several of the comparative 
methods make a logical system when used in 
succession, few of the group methods do. The 
methods are ranked by the author relative to 
three criteria in Table 2. As with the compar- 
ative methods, none is consistently high or low 
with respect to all criteria. The one which re- 
quires the least time from all judges combined 
also permits the fastest rendering of a final 
judgment because only one person need be in- 
volved, but it results in the highest risk of a 
“bad” judgment being made. In addition, 
measures of variant opinions are normally re- 
stricted to the group average and Delphi meth- 
ods. And, although opinion variation can be 
calculated at each round of Delphi, a statistical 
measure of variance satisfies the independency 
of observation requirement only in the first 
round. 


Multi-dimensional ranking methods 


Information systems.—Their basic objective 
is to provide important information to the 
administrator in a form which will assist him in 
choosing among decision options. No attempt 
is made to place projects in overall rank order, 
but measurements for each dimension of bene- 
fit are listed. Several information systems have 
been designed for research project evaluation 
and one specifically for a state experiment 
station (Fishel [11]). In Fishel’s system, scien- 
tists provide subjective judgments for each 
proposed project. They estimate average an- 
nual expenditures, time requirements, and 
technological feasibility of attaining a research 
product. Expected value of the research pro- 
duct is defined in dollars. Subjective probability 
distributions of cost and value are generated 
for alternative levels of annual expenditure by 
a Monte Carlo sampling procedure. The system 
provides estimates of the benefit/cost ratio, 
standard deviation in that ratio based upon 
variant opinions, a technical feasibility index, 
and the number of years of effort required at 
alternative rates of funding. Since basic inde- 
pendence is assumed between projects, the 
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Table 2. Group ranking methods* 
eo- Esti- 
T f Potential retical foe : a mate of 
Group JEn? uses in Ranking methods it risk f required taining Vallance Special problem 
method obtained oo. can be used with Bs ‘ofall judg- alee areas 
ment judges ment possible? 
“Best”? Flexible- Rankingof | Comparative and multi- 5 1 1 No How to identify 
judge categories, projects, dimensional methods “best” judge? 
ordinal, program 
Group and/or areas, criteria, Same as above 3 2 3 Yes 
average cardinal and/or objec- 
tives 
Committee Same as above 2 3 4 Not Most respected or 
usually p ve members 
opinion likely to 
carry excessive weight 
Chain of Committee, compara- 4 2 2 Not Subordinate opinions 
command tive and multi-dimen- usually are subdued in sub- 
sional methods sequent interactions 
Delphi Comparative and multi- 1 3 5 Yes 


dimensional methods 


* Ordering of methods is author’s evaluation. 1=highest ranked method (least risk, least time requirements, fastest 


judgment), 


presence and magnitude of interdependencies 
must be assessed by the administrator. He must 
also specify the relative importance of each di- 
mension of benefit in order to develop an over- 
all ranking of projects. 

Scoring models.—A ranking approach which 
formally incorporates the decision-maker’s sub- 
jective trade-offs and decision criteria into the 
model framework is known as a scoring model. 
A primary assumption is that a few criteria can 
be established which, when properly related, 
will specify the desirability of a decision alter- 
native. The set can consist of both quantitative 
and qualitative criteria so long as each is inde- 
pendent of the others. 

A discrete scale is developed for each crite- 
rion with sufficient range to include all projects 
for‘ which an evaluation is desired and only 
enough categories to discriminate between pro- 
jects which differ significantly relative to the 
criterion. Also, decision criteria can be incorpo- 
rated to reject automatically or segregate for 
separate evaluation a project which falls out- 
side the acceptable range for any criterion. 

An overall project score is calculated gener- 
ally by summing the product of criteria weights 
and scores over all criteria.‘ By displaying the 


1 Some suggested scoring models calculate overall project 
scores by multiplication rather than by summing criterion- 
specific scores (e.g., see Mottley and Newton [16]). Multi- 
plication is most appropriate if balance is paramount, if 


score of the project relative to each criterion, 
the model doubles as an information system. 
This diagnostic property permits identification 
of weak areas in the project and encourages 
consideration of alternative approaches. 

A comprehensive theoretical analysis of 
scoring model design for project ranking has 
been reported by Moore and Baker [14, 15]. 
Others have constructed working models for 
evaluation of research, including several in the 
agricultural field. 

One was developed by the study team for 
“A National Program of Research for Agricul- 
ture” [1]. It was never used to establish priori- 
ties among research areas because of a lack of 
confidence in the overall scores that it gener- 
ated. The team concluded that further refine- 
ment of the procedure was needed. One prob- 
lem appears to have been excessive interde- 
pendence among the criteria. 

Three scoring models were recently developed 
by administrators in the USDA Agricultural 
Research Service for evaluation of the agency’s 
livestock research.’ Building upon the experi- 
ences of the National Program of Research for 
Agricultural study team, they made a concerted 





high performance relative to one criterion is of little value 
unless accompanied by comparable scores on all other cri- 
teria. 

ë Steven King and Ernest Corley designed and imple- 
mented the USDA models. 
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Table 3. Multi-dimensional ranking methods 
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‘ Type of rank Potential uses in research Ranking methods it iS , 
Ranking method obtained evaluation can be used with Special properties 

Experiment Station Partial cardinal r aan attribute dis- Comparativeand/ 
information system orderings play of projects or group ae 
Scoring model Overall cardinal Ranking of projects, program Comparativeand/ Includes diagnostic property 

` ordering areas, and/or objectives or group for identifying anak) where 

: project is weakest 

Benefit contribution Overall cardinal Ranking and funding of pro- Comparativeand/ Ranking may be conditional 
model ordering jects and/or program areas or group upon an assumed pattern of 


effort to overcome the problem of interdepen- 
dence among criteria. The models were imple- 
mented by three panels, consisting of 20 partic-. 
ipants, who ranked all livestock research activ- 
ities, ongoing projects, and proposed new starts. 
The priorities they established were used by the 
administration as a guide for allocating re- 
sources. , 

A set of scoring models is currently being ap- 
plied as part of a comprehensive evaluation of 
ongoing and proposed research conducted by 
the North Carolina Agricultural Experiment 
Station. The models have been used by panels 
of department heads, outside consultants, and 
scientists to rank proposed research by prob- 
lem area groupings. Separate models were de- 
signed for major discipline areas. It is planned 
that the priorities established will be used to 
_ delineate major research thrusts for the next 
‘five years. 

Benefit contribution models.—This approach 
is similar to the scoring model in that several 
factors are specified by which the expected 
merits of a decision alternative are judged. 
However, instead of specifying general evalua- 
tion criteria, overall goals of the organization 
are divided into independent, mutually exclu- 
sive objectives. The relative importance-of such 
objectives and the contribution of a project to 
each of them are estimated. Total benefit of a 
project may be computed by product summa- 
tion. 

Considerable flexibility for evaluating project 
interrelationships is permitted. For example, 

‘the structural relationship between projects 
and objectives may be defined such that the 
contribution of one project is a function of 
which others are also funded. In this case it is 
not possible to obtain a simple ordering of 

ê The North Carolina models were developed by J. C. 


Williamson, Director, and Ralph McCracken, formerly 
Associate Director, of the Experiment Station. 


funding 


benefits or benefit-cost ratios without specify- 
ing the funding level of interrelated projects. 
See Nutt [17] and Dean and Hauser [10] for 
applications of benefit contribution models to 
resource allocation among defense research and 
development efforts. 

A summary comparison of the multi-dimen- 
sional ranking methods is included in Table 3. 
Scoring models have been used more than the 
others for ranking research projects. However, 
partial-ordering information systems analogous 
to the experiment station system have also been 
used in an informal way. 

All the multi-dimensional methods are com- 
patible for use in combination with compara-. 
tive and group methods; however, the combina- 
tions vary. For example, partial orderings pro- 
vided by an information system may be used 
as input data for obtaining an overall ordering 
via the comparative and/or group methods. 
However, with scoring and benefit contribution 
models, other methods are used to weight the 
scoring criteria or research objectives, and the 
overall ranking is determined by the multi- 
dimensional model. | 


Approaches for Optimizing 
Resource Allocation 


Benefit-cost analysis No 


Benefit-cost ratios are frequently used as a 
basis for maximizing expected benefit from a 
given investment. To use these ratios exclus- 
ively, there must be only one constraint on re- 
sources (e.g., total research budget for one 
period) and only one positive funding option for 
each project. The decision consists merely of 
funding the highest ranked projects until funds 
are exhausted. Problems may arise because of 
project indivisibilities (i.e., when there is money 
left but not enough to fund the project next in 
order), but a satisfactory solution can generally 
be obtained by a manual check of nearby alter- 
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tives. However, when there are multiple con- 
straints, time periods, and/or project funding 
options, simply allocating funds based upon 
magnitude of the benefit-cost ratio is not so 
appealing. ; 


Optimization models specifically for research 


A number of specific optimization models 
have been developed for resource allocation in 
research and development when one or more of 
the above complicating factors exist. Some have 
been designed for research evaluation, but 
many are appropriate only for development 
projects. Each purports to analyze quantified 
subjective data in a prespecified manner and to 
suggest the most appropriate allocation of avail- 
able resources, given the model assumptions. 
They vary greatly in scope and procedure. Vir- 
tually all focus on the allocation of funds and 
some address the issues of manpower and facil- 
ity allocation as well. Some are deterministic 
models; others incorporate stochastic elements. 
Most are static; a few are dynamic. Some are 
constrained in focus to economic evaluations; 
others are unrestricted as to type of variables 
considered. A few attempt to derive the optimal 
research budget, but most treat the research 
budget as an upper restraint on the decision 
problem. For detailed references see the review 
articles by Baker and Pound [4], Cetron, 
Martino, and Roepcke [7], and Baker and 
Freeland [3], and the dissertation by Cart- 
wright [6]. No allocation model developed 
specifically for agricultural research allocation 
has been reported.’ 

Since a large number of models have been de- 
scribed in the above references, this discussion 
will focus on two recent models representing 
different approaches to the allocation problem. 
_ Both include operational computerized models 
- for allocating money to research projects. The 
| first was developed for and has reportedly been 
implemented by an industrial research organi- 
zation. The second model was developed for a 
defense research and development organization 
and is currently being used there experimen- 


7 Two partially developed models have been presented. 
The algebra for an agricultural experiment station allo- 
cation model has been discussed by Paulson and Kaldor 
[18]. However, the specific structure of the model and 
method of solution has not been discussed. The mathemat- 
ical structure for a fund and manpower allocation problem 
in a university department has been identified by Cart- 
wright [6]. The complexity of the problem resulted in its 
being left in conceptual form. 
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li ‘ 
tally. Both are being applied primi iy t 
applied research evaluation. {sal g go 


Simulation.—Atkinson and Bobis f2 ree 
thors of the first model, seek to’attain maxigiura 


expected profit through optimal allocation Gf-a-—- 


fixed five-year research budget among projects 
and over time. The approach is dynamic.in that 
it solves for the distribution of funds among the 
five years. It incorporates stochastic elements, 
measures costs and benefits in economic 
units only, and utilizes a simulation procedure 
to obtain solutions. Expected economic value 
of a research product is computed as a function 
of the year the project is completed and the 
probability of technical, legal, engineering, and 
commercial success. Year of completion is a 
stochastic function of project: funding in that 
and each previous year. The selection of proj- 
ects, optimal rate of funding, and annual 
allocation of the total research budget are de- 
termined through an iterative procedure using 
only point estimates of potential payoff. The 
point estimates are subsequently replaced with 
distributions and randomly sampled by simula- 
tion to estimate the range in payoff possible 
from the selected strategy. 

Network model.—The second model, by 
Baker et al. [5], is both static and deterministic, 
but it incorporates noneconomic as well as 
economic variables and permits direct interac- 
tion between decision maker and computer. An 
optimal allocation of a single-period research 
budget is sought through the use of a network 
program. Separable programming can also be 
used. A piecewise-linear benefit function ap- 
proximates the nonlinear function. It is maxi- 
mized subject to a set of budgetary constraints. 
The benefit function is completely flexible as to 
type of variable considered, with alternative 
forms under experimentation including a scor- 
ing model and a comparative method. The 
constraint set includes an upper limit on total 
budget and upper and lower constraints on 
funding of individual projects, program areas, 
technologies, and performing organizations, 
Interactive opportunities are built into the 
program to permit the participant to conduct 
sensitivity analyses by varying data inputs 
which are least certain and by asking “what if” 
type questions. 

The simulation and network models repre- 
sent different philosophical and mathematical 
approaches to allocation. Being designed for an 
industrial laboratory where economic profit is 
the motivating force, the simulation model is 
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comprehensive in the types of market decision 
variables incorporated. Both stochastic vari- 
ables and dynamic allocation decisions are con- 
sidered. The network model was prepared for a 
government research and development organ- 
ization where nonmarket goals are at least as 
important as economic ones. The budgeting 
process earmarks some funds for specific types 
. of research; therefore multiple constraints must 
be considered. The model is static and the vari- 
ables deterministic although stochastic ele- 
ments can be evaluated through interaction. 
In another respect both models represent a 
similar view of resource allocation among re- 
search efforts. A project can be expanded or 
reduced in scope, and progress can be speeded 
up or slowed down dependent upon the re- 
sources allocated to it. Significant uncer- 
tainties exist about cost and potential payoff 
from any given effort. Both models view the 


allocation problem as a complex one and permit. 


direct consideration of multiple funding op- 
tions and the effects of uncertain parameters. 
A summary comparison of optimization 
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methods is included in Table 4. Depending 
upon the combination of methods used in the 
evaluation system, the benefit-cost approach is 
generally the fastest and easiest to use, One of 
the simplest combinations consists of using 
successive ratings to order the projects and 
then dividing by expected costs. When alter- 
natives need to be considered beyond what is 
feasible with a benefit-cost approach, a host of 
other models is available. The two described 
require more data equipment and analytical 
time than the benefit-cost approach, but they 
also provide more information. ` 

Although some aspects of the latter models 
are identified rather specifically, considerable 
flexibility is inherent in each of them. The bene- 
fit function of the simulation model consists of 
economic returns only. However, the function 
could be expanded to include noneconomic 
variables also. Each of the models is flexible as 
to the combination of ranking methods that 
can be used to measure benefit. For example, a 
scoring model has been used to weight research 
objectives as part of a benefit contribution 


Table 4, Resource allocation optimization methods 





Optimization method 





Item 
Benefit cost Atkinson-Bobis simulation model Baker, ef al. network model 
Variablesin benefit func- Flexible, generally economic Economic returns Flexible 
tion 
Form of benefit function Point Functional relationship between Linear or nonlinear approxi- 
date of research success and mated by piecewise linear 
benefit segments 
Number of project fund- 1 w ry 
ing options permitted 
Number of constraints 1 (budget) 1 (5-year budget) Finite number (budget) 
permitted 
Method of handling un- Manual sensitivity Simulation Sensitivity analysis through 
certainty interaction 
Number of periods over 1 period Up to 5 periods 1 period 
which funding is opti- 
mized 
Speed of use Fastest Slow relative to benefit cost Slow relative to benefit cost 
ulpment required for None Computer Computer 
solving allocation problem 
Cost of using method Least High relative to benefit cost High relative to benefit cost 


(data sources, computer, 
analyst) 


Comments 


Computer can be used to re- 
duce manual time require- 
ments 


Tabulates requirements for 
nonbudgetary resources also 
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model that estimates benefits of projects to 
which an allocation of funds is subsequently 
proposed by the network model. 


Framework for Investment in 
Management Tools 


Conceptually, the decision framework for 
optimal investment in management is the same 
as for any other investment option: purchase 
units of management until the marginal value 
added per dollar spent is equal to the marginal 
value of the dollar invested in the next best 
alternative. Since administration costs typically 
come out of the research budget, this framework 
is also valid for research management invest- 
ment decisions. Management approaches are in 
direct competition with research projects for 
resources. Therefore, the management ap- 
proaches which add the most to the expected 
value of research (because of a better decision) 
per dollar spent should be engaged until the 
value gained from another dollar’s investment 
is no greater than if invested in the marginal 
research project. This would equalize the 
marginal rate of return from alternative lines 
of investment. Hence, the amount of manage- 
ment used in different organizations could vary 
also. If all the research options in one organiza- 
tion are expected to yield a very high rate of re- 
turn, its investment in management tools 
should be restricted to those that will yield at 
least as high a return through improved deci- 
sions. Another organization, with lower and 
more varied rates of return expected on re- 
search options, could afford to invest in more 
Management. 

The major problems in implementing such a 
framework are not conceptual. They are mea- 
surement problems: how to determine which 
management approach is dollar for dollar 
better than another and how to measure value 
from management tools in the same units as 
research projects. While much work has been 
undertaken to develop new ways for subjec- 
tively ranking projects and allocating resources 
to them, far less has been done to determine 
which is the best management approach to use. 
In fact, only one paper appears to have directly 
addressed this problem; Souder [20] recently 
reported the application of a scoring model to 
an evaluation of 26 project selection models, 
Opinions were solicited from administrators 
and Management scientists concerning the 
status of the models with respect to five 
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criteria—realism, flexibility, capability, ease 
of use, and cost. The criteria were subjectively 
weighted and an overall score derived for each 
model. The only model included in that evalua- 
tion and also discussed in this paper, the 
Atkinson-Bobis model [2], tied for the highest 
score. 

Laboratory costs to obtain reasonably ob- 
jective measures of costs and benefits of research 
management tools would likely be prohibitive. 
Controlled experiments would be necessary over 
lengthy periods of time sufficient to observe the 
benefits resulting from research projects se- 
lected with different tools. One is probably 
limited for practical purposes to subjective 
measures. Souder’s subjective scoring approach 
provides a useful comparison of a number of 
management methods. However, it is not 
sufficient for determining the optimum level of 
investment in management. Factors of both 
benefit (e.g., realism and capability) and cost 
(e.g., dollar costs and ease of use) were included 
in the score. To determine the optimal invest- 
ment in such management methods, benefits 
and costs must be separated and measured in 
the same units as research projects. The dollar 
metric approach previously discussed has po- 
tential as an initial mechanism for subjectively 
placing management tools and research proj- 
ects in comparable units of measurement. Then 
the marginal principle could be applied to both 
sets of options to select the optimum portfolio. 


Summary 


Considerable research has been conducted to 
develop management tools for possible sub- 
stitution for or complementary use in current 
subjective decision processes. This literature 
has been selectively surveyed to emphasize the 
breadth of methodological developments for re- 
search project selection and resource allocation. 
A partial comparative evaluation of the 
selected methods is included with the survey. 
Applicability of the marginal principle for de- 
termining the optimum investment in research 
management has been emphasized and a rudi- 
mentary framework for implementing that 
‘principle suggested. Many research challenges 
remain in the area of methodological develop- 
ment. Particularly great is the need for innova- 
tive thought and practical experimentation to 
compare costs and benefits of alternative sub- 
jective decision processes. 
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Solid Waste Management for Rural Areas: Analysis 
of Costs and Service Requirements* 


Dean SCHREINER, GEORGE MUNCRIEF, AND Bos Davis 


Federal and state legislation is increasingly making solid waste management an important 
service provided by rural communities and planning regions. Few systems have been designed 
for rural areas, and few studies have included data on spatial. effects of collection density and 
transfer distances to disposal sites. Models are given estimating quantity of solid waste generated 
and costs per ton of solid waste collected, transferred, and disposed for different service areas 
and alternative technologies. The data can be used to project quantities of solid waste for 
collection and disposal and to determine optimum site location of disposal facilities in rural 


regions. 


a major service function of local govern- 

ment jurisdictions. Annual public outlay 
for refuse collection and disposal is exceeded at 
the local level only by expenditures for schools 
and roads. The total public and private refuse 
collection and disposal bill currently exceeds 
$3 billion annually [13, p. 6].- 

Interest in solid waste management at the 
local level has been stimulated by federal and 
state legislation concerned with the environ- 
mental threat of ever increasing quantities of 
waste products. The state of Oklahoma re- 
cently passed legislation prohibiting open burn- 
ing except for some agricultural purposes. By 
1974 a State Department of Health permit will 
be required by all cities to operate a sanitary 
landfill [The Oklahoma Solid Waste Manage- 
ment Act of 1970, HB No. 1499]. Federal 
legislation is contained in the 1965 Solid Waste 
Disposal Act [Title II of Public Law 89-272] 
and amended by the Resource Recovery Act of 
1970. Of primary importance to rural areas are 

‘those actions providing grant support for the 

development of area-wide solid waste manage- 
ment systems—both to end fragmentation of 
responsibilities among small communities and 
to provide technical assistance to local govern- 
ments with solid waste problems [13, p. 8]. 

To plan efficient solid waste systems, it has 
become apparent that more detailed informa- 
tion is needed on service requirements and fac- 
tors affecting costs of solid waste collection and 
disposal for rural environments. Metropolitan 
plans for collection and disposal of solid wastes 
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i waste management is fast becoming 





are of little help since their problems are sig- 
nificantly different than those faced in rural 
areas. Availability of landfill sites, location and 
size of transfer stations, and meeting air quality 
standards for incinerators are major problems 
of the metropolitan centers. Rural areas in 
general have a minimum of these problems but 
are faced with small or poorly organized sys- 
tems and high costs for collection and disposal 
services. 


Objectives and Procedures 


The objectives of this paper are to outline 
briefly a general framework for public solid 
waste management services; to model and esti- 
mate empirically the generation of solid wastes 
for a substate planning region; and to model 
and estimate empirically the costs of supplying 
solid waste collection, transfer, and disposal 
services for rural regions. An interindustry 
model is utilized to show empirically how solid 
waste generation can be estimated for a region. 
Budget methods and cross-section data are 
used to estimate empirically the costs of sup- 
plying solid waste collection and disposal 
services. 


Public Solid Waste Management Systems 


The problems of planning public services are 
many and well documented in the literature 
[4, 11, 16]. Of particular, importance is an 
interpretation of public demand for community 
services. One decision framework is to use an 
iterative approach to determine level and qual- 
ity of service a community or substate region 
desires. Output of the public service sector is 
evaluated by community decision makers, and 
corrections in the system are made through 
policies under their control. 

Examination .of a solid waste management 
system within the framework for substate 
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planning requires models describing waste 
generation, spatial location of wastes, and a 
collection, transfer, and disposal process. 

Ideally, a waste generator model furnishes a 
substate region with information about the 
quantity and type of solid waste produced by 
the region’s producing and consuming sectors. 
The level and kinds of economic activity within 
a region influence the solid waste generation 
since different industries produce different 
quantities of solid wastes. Changes in the level 
and kinds of economic activity and population 
have the greatest immediate impact upon gen- 
eration of solid wastes. The spatial location of 
solid wastes. is expressed as a function of 
service area output, employment, and resident 
location. 

A collection, transfer, and disposal model 
serves as an aid in planning and implementing 
changes in a solid waste management system. 
The primary concern in selecting a solid waste 
system is cost. A cost model may be expected to 
assist in the selection of the most efficient mix 
of equipment and employees; the optimum loca- 
tions of waste pickups, routes, transfer stations, 
and disposal sites; most desirable frequency of 
collection; and type of ultimate disposal. The 
model also assists in establishing rate schedules 
appropriate to different users of the service. 


Solid Waste Generation 
Application of an input-output model 


Solid waste generation within a substate 
. planning region can be estimated by treating 
solid waste production as if it were a primary 
resource requirement in an input-output model 
{12, p. 14].1 If a relation exists between solid 
waste generation and regional output, total 
solid waste type k, W+, is a function of output 
(dollars of total gross output) of all sectors, Xy. 
A coefficient for wastes of type & in sector f is the 
ratio of solid waste generated by sector 7 
(physical units such as tons or cubic yards) to 
the output of sector ï: 


(1) Ei 1 nyk=1,+-+,m; 
ki xX 3J , 2%; , 2 ry 


j 
and Wi;=wrj;X; expresses the total solid waste 
generation of type & associated with the output 
of sector f. 
All solid wastes generated of type k for n sec- 


1 An alternative approach is to consider waste generation 
activities as separate endogenous sectors in the input- 
output model [7, p. 50]. 
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tors can be expressed algebraically as: 


Wi = > Wy = 


jal 


(2) De WX; 
mi 


and in matrix form: 
(3) Wi 


where w, is a row vector of solid waste coeff- 
cients. The total generation of solid wastes of 
type & associated with final demand Y is: 


(4) Wy = WX = wT = A) Y, 


Multiplication of the vector of solid waste co- 
efficients w, times the interdependence co- 
efficients (I~ A)~! gives the direct and indirect 
amount of solid waste generated per dollar of 
output delivered to final demand. Induced 
amounts of solid waste generated for disposal 
assumes households and state and local govern- 
ment endogenous. Residential waste is incor- 
porated in the model through use of an average 
residential waste per dollar of household in- 
come coefficient. 


WX 


Waste generator 


Solid waste coefficients and an interindustry 
model comprise a waste generator.? Table 1 
presents solid waste coefficients, employment, 
total wastes generated, and a set of direct, 
indirect, and induced waste coefficients in 
thousands of pounds of waste per year per em- 
ployee. Types of solid waste from agriculture 
and mining enterprises were excluded from this 
analysis. The waste coefficient for petroleum 
refining represents only employment in asphalts 
and paint production. Most trade and business 
sectors are represented by an average estimate 
for commercial and institutional wastes. The 
highest waste coefficient, 82.504, is associated 
with construction and the lowest, 1.348, is 
associated with apparel manufacturing. 

Multiplication of solid waste coefficients 
times 1970 estimated employment furnishes an 
estimate of wastes in thousands of pounds per 
year associated with regional endogenous sec- 


2 The present interindustry model defines regional output 
and interindustry flows in terms of persons employed. This 
is in keeping with most economic base studies for small 
areas [see 18]. Solid waste coefficients in [2] and [7] are 
reported in thousands of pounds of solid waste per year per 
employee. Under this formulation, output multipliers are 
also employment multipliers and #:(7~A)~ shows the 
total (direct, indirect, and induced) solid waste generated 
per person employed for delivery of output to fmal demand. 
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Table 1. Direct, indirect, and induced solid waste coefficients and solid waste generation, 
_ planning region nine, South Central Oklahoma, 1970 
: Direct, Indir 
Solid Waste* Waste in 
Sector Coeficient, Eee loy oe Thousands ae Induced 
i a IOS co nr 
Peeper (1,000 Ibs.) 
Farms-Ranches (1 — 11,370 — 20.246 
Agricultural Service (2 7.620 1,128 9,357 34.246 
ining 3 ae 2,280 = 24.358 
Construction 4 82.504 2,589 213,603 106.197 
Transportation 5 7.620 1,772 13,503 22.293 
Pian e Real Estate 6 Pe 3, D ae 23.702 
ilities s 1, 5 24.209 
Food Manufacturing 8 9.479 931 8,825 52.884 
Appar Manufacturing (9 1.348 1,591 2,145 15.906 
ood-Paper 10 26.459 227 6,006 40.086 
Printing-Publishing 16.500 517 8,531 30.604 
Petroleum Refining 19.394 664 12,878 65.463 
Leather-Plastic-Rubber 15.006 82 1,230 32.096 
Concrete Products 5.280 471 2,487 19.195 
Metal Manufacturing 2.937 3,936 11,560 16.991 
Construction Materials, 7.620 558 4,252 28.957 
a IRO å iE ÈRE pR 
00: es . , , : 
Gasoline Service 7.620 800 6,096 40.261 
Auto Sales 7.620 1,333 ~ 40,175 26.845 
sole ra UO PE Be 
ture Sales r ,32 . 586 
Eating Establishments 7.620 2,620 19,964 24.098 
oo 2 ‘ete Be 
ging y ; j 
Tagine Services 7.620 1245 19:10 22.125 
usiness Services 3 3 Sl A 
Professional Services 7.620 2,064 15,728 21.113 
Automobile Repair 7.620 461 3,513 26.395 
Miscellaneous R 7.620 286 27179 26.299 
neous Repair : k 
Medical Services 7.620 2,342 17/846 23.823 
Wholesale Trade 7.620 2,032 15,484 20.037 
Households 2.08% 69,188 144; 534 12.417 
purge or rn ga am 
m0) ; 752 9 
Off Base Military 2.089 9, 100 19,010 
Total 787 ,063 


a Sectors 8-15 and 18 calculated from [2]. Remaining sectors derived from [7]. 


» Refining wastes excluded. 


° average residential waste per employee of the labor force. 


4 Excludes federal civilian employment at Fort Sill. 


tors including state and local government and 
household consumption. This estimate when 
added to the regional wastes generated by 
federal employment and off-base military house- 
holds furnishes an estimated regional waste 
generation of 787 million pounds during 1970, 
or 9,7 pounds per day per person. 


Projecting waste generation 

A set of direct, indirect, and induced solid 
waste coefficients furnishes projection parame- 
ters of amounts of solid waste generated by 
each ‘sector’s additional delivery to final de- 
mand requiring one additional employment 


unit. These coefficients, recorded in the last 
column of Table 1, have a range of 12 to 106. 
Direct effect of an additional employee by 
sector in terms of generated solid waste is equal 
to the coefficient in column two. Indirect effect 
is the sum of the repercussions in generation 
of solid waste in other economic sectors due to 
an employment increase in a sector for delivery 
to final demand. Induced effect accounts for 
additional employment required to. service 
household consumption and purchases by state 
and local government. The strength of the in- 
terindustry model for projection is its ability to 
capture the indirect and induced effects of 
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solid. waste generation throughout the entire 
regional economy. The direct amount of solid 
waste produced by a specified change in regional 
employment can be estimated at a single source, 
but the indirect and induced effect, revealed to 
be two or three times larger than the direct 
effect, is distributed throughout the region. 


Limitations of the waste generator. 


The direct, indirect, and induced solid waste 
. coefficients are subject to limitations of the 
theoretical input-output model, empirical data 
used in estimating the regional input-output 
model, and survey data adapted for estimating 
solid waste coefficients.* A further limitation is 
failure to describe solid waste generated for 
disposal. In one study: it was estimated that 
only 34 percent of the wastes generated actually 
enter public disposal sites [7, p. 40]. Solid 
wastes for disposal might be estimated in the 
waste generator by method and type of collec- 
tion process for purposes of consistency with 
the collection, transfer, and disposal model. 
That is, residential waste, which has one 
method and cost of collection, can be dis- 
tinguished in the waste generator as waste of 
type = 1. Commercial and institutional waste, 
which is publicly collected and disposed (k =2), 
can be distinguished from that portion which is 
privately collected and transferred but disposed 
of in a public site (k=3). The remaining solid 
wastes may be eliminated from the planning 
model unless they are in some way a nuisance 
to the public, and policy-makers wish to exert 
some control over their disposal. 


Costs of Supplying Solid Waste Collection 
and Disposal Services 


The literature concerning refuse collection 
does not show any significant economies of size 
{10]. Quality of service and density of resi- 
` dential and commercial areas far outweigh any 
effects of scale economies or diseconomies for 
the relevant range in rural areas. Quality of 
service is reflected in collection frequency, 
pickup location, and nature of pickup [9]. The 
latter two service qualities are extremely im- 
portant for rural areas because they affect the 
type of technology that can be used and, sub- 
sequently, collection costs. For urban areas 
service qualities usually refer to container loca- 
tion for individual residences (i.e. curb versus 


3 See George E. Muncrief [14] for the complete substate 
input-output model on which these data are based. 
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side or back of house) and/or the requirement 
that garbage be separated from trash. In rural 
areas, service qualities compare such things as 
single versus multiple resident container use 
and curb or alley permanent location of mul- 
tiple resident container. 

Because of lumpiness of equipment items and 
health laws requiring daily covering of solid 
waste in sanitary landfills, economies of size in 
operating disposal sites are significant. Econ- 
omies of size over both collection and disposal 
services are limited in rural areas by increased 
transfer costs as the number of collection areas 
are increased for a given disposal site. 


Costs of refuse collection 


Budget data have been used to calculate 
cost per collection and per ton of solid wastes 
for two systems using different technologies. 
The data have been supplemented with time 
and motion observations on individual routes 
for both systems to determine the effects of 
pickup density and nonroute miles on collection 
costs; both factors are important for rural areas. 

The two technologies included a municipality 
system using rear loading technology and an 
institutional system using front loading tech- 
nology. The two systems are not usually 
thought of as perfect substitutes although both 
can handle commercial containers by hydraulic 
systems. Front loading compaction is by far the 
most common system used in residential areas 
comprising 87 percent of the units sampled in a 
national survey [15]. Front loading, con- 
tainerized compaction systems are designed for 
one man operation although, as in the system 
observed here, two men are.frequently used for 
safety and cleanup purposes.‘ 

Cost per collection crew.—-Annual cost per 
collection crew including vehicle and container 
costs but excluding fixed overhead cost was 
about $21 thousand for the three man rear 
loading system versus $23 thousand for the two 
man front loading system. Both systems aver- 
aged a little less than five hours per day of 
route and transfer time exclusive of coffee and 
lunch breaks but including time at the landfill. 
In the municipal system crews worked until 
their route was finished for five days a week. 
Hence their wage bill was totally distributed 


4 Our purpose here isnot to compare all technologies since 
differences frequently reflect needs or quality of service 
fal For a description and relevant data by system see 

15]. 
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over route and transfer time. Crews in the in- 
stitutional system were required to work forty 
hours per week and average six routes of ap- 
proximately five hours each route. The rest of 
their work week included minor repair and 
shuffling of containers and a few special collec- 
tion jobs, but in general did not include any- 
thing significant that was not part of the collec- 
tion route system. Their wage bill was also dis- 
tributed over route and transfer time. 

Cost per collection.—Collection rates, ex- 
pressed as the number of collections made per 
collection and transfer hour, were estimated as 
a function of density of collections per route 
mile, number of nonroute miles and, for the 
municipal system, percent commercial collec- 
tions. The hypothesis of the relationship is that 
the collection rate will increase the more dense 
are the household and commercial collections 
for any given service area, since less time is re- 
quired by the crew and compaction vehicle to 
move between collection points. Further, it is 
expected that the collection rate will decrease 
the more nonroute miles there are associated 
with any service area. Nonroute miles are a 
proxy for size of community and subsequent 
distance to the solid waste disposal site. At this 
stage of the analysis, the disposal site is as- 
sumed to be located at the edge of the city. 
Collection rate is also expected to decrease the 
greater the percentage of commercial collec- 
tions for any given service area of the municipal 
system. Since commercial collections require 
more time for hookups of the containers to the 
hydraulic system and more frequent trips to the 
disposal site because of larger waste volumes per 
collection, the collection rate is expected to de- 
crease for increasing percentages of commercial 
collections. 

Regression analysis was used to estimate the 
functional relationship between collection rate 
and the three explanatory factors. Observa- 
tions on the municipal sytem included data on 
each of the 23 biweekly routes plus a daily 100 
percent commercial route. For the institutional 
system, two collection crews cover several route 
combinations over a two week cycle, and hence 


daily observations for the cycle were recorded. . 


The results of the regression equations are the 
following: 


Municipal system 


(5) COLR = 66.5028 — 1.2247 NRM 
standard errors (0.6779)* 
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+ 0.788 DEN — 0.1684 PCOM 
(0.166)*** (0.2031) 
R! = .71 n= 24 


Institutional system 


(6) COLR = 4.0954 — 0.0391 NRM 
standard errors (0.0400) 


+ 1.9156 DEN 
(0.2356) *** 


m=15 


where 


COLR = COLiection Rate, number per hour, 
NRM = Non-Route Miles, 
DEN = DENsity, number of collections 
per route mile, 
PCOM = Percent COMmercial (by number 
of collections), 
* = Student’s ż test significant at the 
10 percent level, 
*** = Student’s ¢ test significant at the 1 
percent level. 


Results of the regression analysis show density 
of collections to be highly significant in explain- 
ing collection rate for both systems. Nonroute 
miles appeared to be significant in the municipal 
system but not in the institutional system. 

Total cost per collection can now be esti- 
mated by residential and commercial service 
areas: 


TCPCOL = FCPCOL + CRCCOL 
+ COCCOL 
FCPCOL = TAFC+ NACOL 
(7) CRCCOL = CRCPHR + COLR 
CRCPHR = [COLCRC — COCPCR] 
+ NACRHR 
COCCOL= [NCOPCR-NCOLCO 
+COCPCR 
where 
TCPCOL = Total Cost Per COLlection, 


($), 

FCPCOL = Fixed Cost Per COLlection, 
($), 

CRCCOL = CRew Cost per COLlection, 


($) . 
COCCOL = COntainer Cost per COLlec- 


tion, ($), 
`TAFC = Total Annual Fixed Cost, 
($), 


NACOL = Number Annual COLlections, 
CRCPHR = CRew Cost Per Hour, ($), 
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Solid waste collection rate, cost per 
collection, volume per collection, 
cost per ton collected, and other 
data: municipal system, rear load- 
ing, 1971 








Variable rvi A 
Name* Savio with 
Containers 
+ Number of Collections (annual) WNACOL 777,089 71,447 
Fixed Cost per Collection ($) FCPCOL 0.0415 0.0415 
Crew Cost per Collection 
Crew Cost per Hour ($ CRCPHR 15.93 15.93 
Collection Rate (# per hr.) COLR b 37° 
Cost per Collection ($) CRCCOL - 0.2042 0.4305 
Container Cost E Co! n ($) COCCOL — 0.15164 
tal Cost per Collection TCPCOL 0.2457 0.6: 
Monthly Cost ($) 2.13¢ 6.75 
Volume per Co (yd8) VPCOL 0.0546! 0.35378 
Quantity per Collection Ibs." APCOL 19.66 127.33 
llection Cost per Ton ($) COLCTN 24.99 9.80 
a See text for model formulation, 
b Areas? o as 40 pickups per route mile, 16,5 non-roate miles and rero 
percent co! 


° Average mmea 10 jickaps per route mile, 16.5 non-route miles and 100 
percent co: ramendal, 
d Average of 2.5 pickups per container weekly. 
* Two pickups weekly. 
{ Evaluated at zero percent commercial and 40 pickups per route mile, 
8 Evaluated at 100 percent commercial and npa per route 
h Assum (3:1 


ed 360 Ibs. per cubic yard of compact refuse following 
data in {7, p. 26]. 
COLR = COLlection Rate, number 
per hour, 
COLCRC = annual COLiection CRew 
Cost, ($), 
COCPCR = annual COntainer Cost Per 
CRew, ($), 
-NACRHR = Number of Annual CRew 
HouRs, 
NCOPCR = Number of COntainers Per 
CRew, 
NCOLCO = Number annual COLlections 
_ per COntainer. 


Tables 2 and 3 give the results of the cost per 
collection model for the municipal and insti- 
tutional systems. Cost per collection varied 
from about 25 cents for residential collections 
to 62 cents for commercial collections where the 
municipality provides the container. For the 
institutional system, cost per collection varied 
from $1.36 where a one man crew is employed 
to $1.72 for a two man crew, assuming the same 
collection rate in both instances. Collection 
rates were evaluated at average conditions for 
density and nonroute miles in both systems. 

Cost per ton of solid waste.—Volume per 
collection was estimated in the municipal sys- 
tem as a function of percent of commercial 
collections and density of collections. In- 
dividual route data were used as observations 
in a regression analysis. It was hypothesized 
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that routes with a higher percentage of com- 
mercial collections would show a higher volume 
per collection. Density was a proxy variable for 
indicating low income neighborhoods or service 
areas. From a cursory inspection of collection 
routes in the observed municipal system, den- 
sity would be positively correlated with low 
family incomes. Other studies show that amount 
of solid waste generated per family is somewhat 
correlated with income levels. Therefore, from 
the system discussed here, it would be expected 
that increased density would negatively influ- 
ence volume of solid waste per collection. 

Results of the regression for 30 observations 
in the municipal system are the following: 


(8) VPCOL = 0.0574 + 0.00297 PCOM 


standard errors (0.00026)*** 
— 0.00007 DEN 
- (0.00006) 
R? = 84 n= 30 


where 


VPCOL = Volume Per COLlection, cubic 
yards at a 3:1 compaction ratio, 
PCOM = Percent COMmercial (by num- 
ber of collections), 
DEN = DENsity, number of collections 
per route mile. 


Percentage commercial collections was highly 
significant in explaining volume per collection. 


Table 3. Solid waste collection rate, cost per 
collection, volume per collection, 
cost per ton collected and other 
data: institutional system, front 
loading, 1971 





Variable 


Name* 
Number of Collections (annual) NACOL 31,772 31,772 
Fixed Cost per Collection ($) FCPCOL 02 0.3 
oe Cost Gott pe Collection $ 
Honr ($ CRCPHR 13.10 9,39 
Collection Re ate ($ ra ) COLR 10.23% 10.234 
Cost per Coll CRCCOL 1.2805 0.9179 
Container Cost g Collection ($) COCCOL 0,1792 0.1792 
Total Cost per Collection ($) TCPCOL 1.7205 1.3579 
Monthly Cost tection 27.58 21.77 
Volume per Col ection (yd)! VPCOL 0.7317 0.7317 
Quantity por n (lbs.)ë EEn 263.41 263.41 
Hection Cost Teeri e ($) 13.06 10.31 
È Seo text for model formulation. 


b Assumed 50 percent labor cost of two man 
° Evaluated at sample means of 13.4 non-toute miles and 3.477 col’ 


aegis per routo mile: 

Assumed equal productivity for one man crew as pith two mai crew: 
ups per contain 

E avereme compact: st Ea 


£ Assumed 360 Ibs. bic of compacted (3:1) refuse follo 
date ini H. per cubic yard (351) wing 
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Density was negatively correlated with volume 
per collection but was not significant. 

Volume per collection for the institutional 
system was computed as the average compacted 
volume (3:1) per collection over a two week 
period. 

Cost per ton of solid waste collected is ex- 
pressed in the following model: 


(9) COLCTN = TCPCOL + QSWCOL 
QOSWCOL = VPCOL - WPCUBY 


where 
COLCTN = COLlection Cost per ToN, 


($), 
QSWCOL = Quantity of Solid Waste per 
COLlection, tons, 
WPCUBY = Weight Per CUBic Yard, 
tons. 


Weight per cubic yard of solid waste is highly 
variable and depends upon many factors. Using 
data from Golueke [7, p. 26], the average 
weight of a number of samples of solid waste 
from typical residential areas was 360 pounds 
per cubic yard of compacted refuse at a 3:1 
compaction ratio. Those results are assumed 
for this analysis. 

Tables 2 and 3 give the results of the model 
on cost per ton of solid waste collected for the 
municipal and institutional systems. Cost per 
ton varied from about $25 for residential solid 
waste to $9.80 for commercial solid waste in the 
municipal system. For the institutional sys- 
tem, cost per ton varied from $13.06 for a two 
man crew to $10.31 for a one man crew. Volume 
per collection was evaluated at average density 
for residential and commercial service areas in 
the municipal system. 

Spatial effects on collection costs.—Rural 
communities are frequently less densely settled 
than counterpart residential areas in larger 
cities. Subsequently, collection costs are ex- 
pected to be higher. Combining several com- 
munities and service areas for purposes of 
utilizing common disposal sites and thus reduc- 
ing unit costs of operation must be compared 
against increased costs of longer transfer dis- 
tances in the collection and transfer process. 
These two spatial factors are described in the 
following models with empirical results given 
for the municipal and. institutional collection 
systems. 

Cost per collection as a function of density is 
described in the following relationship: 
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(10) TCPCOL (DEN) = FCPCOL 
+ COCCOL 
+ CRCPHR 
+ COLR (DEN). 


All variables have been previously defined in 
equations (5), (6), and (7). Density of collec- 
tion is allowed to vary in equation (10) and has 
a subsequent affect on variable costs in the 
total cost per collection function. 

Cost: per collection as a function of transfer 
miles to a disposal site from the edge of a com- 
munity or service area is given by the following 
model: 


TCPCOL (TRM) = TCPCOL (DEN) 
+ [CPTNM - QOSWCOL] TRM 
(11) CPTNM = CTRM + TKCAPO 
CTRM = CPCRHR + VEL | 


where 


CPTNM = Cost Per ToN Mile, ($), 
TRM = TRansfer Miles, 
CTRM = Cost per TRansfer Mile, ($), 
TKCAPQ = Truck CA Pacity in solid waste 
Quantity, tons, 
VEL = VELocity, miles per hour. 


Spatial effects on residential collection costs. 
—Parameter data for the residential portion of 
the municipal rear loading system is applied to 
equation (10) for purposes of showing density 
effects on collection costs. Utilizing average 
values for nonroute miles of the municipal 
system, the following results: 


(12) TCPCOL (DEN) = 0.0415 + 15.93 
+ [46.2952 + 0.788 DEN] 


Cost per residential collection varies from about 
30 cents for a density of 20 collections per route 
mile to about 21 cents for a density of 60. On a 
monthly basis with two collections per week 
the cost variation is $2.60 versus $1.82. 

The effect on collection costs of increasing 
transfer distance is the following, assuming (1) 
a compaction truck capacity of 20 cubic yards 
and fully loaded, (2) 360 pounds per compacted 
cubic yard, (3) a transfer velocity of 40 miles 
per hour, and (4) results of the density function 
evaluated at 40 collections per route mile: 


(13) TCPCOL (TRM) = 0.2457 
+ 0.001087 TRM. 


Since equation (13) is linear, each additional 
transfer mile adds about one-tenth of a cent to 
each residential collection. A disposal site 
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located 10 miles from the edge of the city adds 
20 transfer miles and a cost of about 2 cents per 
collection. Monthly costs for the collection and 
transfer process with two collections per week 
is $2.38 for a disposal site 10 miles from the 
edge of the city and $2.60 when the disposal 
site is 25 miles out. 

Spatial effects on commercial collection costs. 
—A similar spatial analysis is given for com- 
* mercial collections utilizing the parameter data 
for the municipal rear loading system and the 
institutional front loading system. The results 
are the following, assuming (1) truck. capacity 
of 20 cubic yards for the municipal system and 
24 cubic yards for the institutional system, (2) 
360 pounds per compacted cubic yard, (3) 
transfer velocity of 40 miles per hour, (4) aver- 
age values for nonroute miles, and (5) two man 
crew for the institutional system: 


Muncipal system 
(14) TCPCOL (DEN) = 0.1931 + 15.93 
+ [29.4552 
+ 0.788 DEN] 


TCPCOL (TRM) = TCPCOL (DEN) 


+ 0.001268 TRM 


Instilutional system 


(15) TCPCOL (DEN) = 0.4400 + 13.10 
+ [3.5715 
+ 1.9156 DEN] 
TCPCOL (TRM) = TCPCOL (DEN) 
+ 0.001797 TRM. 


Service area collection and transfer costs.— 
Service area collection and transfer costs by 
ton of residential and commercial solid waste 
can now be estimated. Service areas can be 
defined as finely as an individual collection 
route where density, nonroute miles, percent 
commercial, and transfer distance are all 
measurable. However, to be consistent with 
the solid waste generator model of the previous 
section, a larger spatial division per service 
area will be more useful. Estimated costs of 
collecting and transferring the total solid waste 
for a delineated service area and by type of 
collection service is the following: 


(16) TCOLC = [TCPCOL (TRM) 
+ QSWCOL] TOSW 
where 


TCOLC = Total COLlection Cost, ($), 
TQOSW = Total Quantity of Solid Waste, 
tons. f 


Two potential sources of data for estimating 
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total quantity of solid waste are the results of 
the solid waste generator model of the previous 
section or the number of residential and com- 
mercial collections made annually in the service 
area, The first source has the benefits of being 
directly part of an economic model and useful 
for projection purposes. The second source is 
more familiar to local planners and conducive to 
estimation through their land use models. 


Costs of refuse disposal 


For rural areas the apparent least cost 
method for disposing solid waste is by means of 
landfill. Golueke and McGauhey [7, p. 20] re- 
port an average cost for sanitary landfill of 
about $1.13 per ton of solid waste disposed with 
a range of $0.50 per ton to.$2.00 per ton. For 
metropolitan areas with increasing problems 
of finding suitable disposal sites and hence in- 
creasing land and transfer costs, incineration is 
one alternative disposal method. Costs of in- 
cineration are reported to run from about $4.00 
per ton to over $12.00 per ton. Clearly, for 
rural areas with an abundance of possible 
disposal sites, landfill is the least cost alterna- 
tive. Recycling of solid waste is still in the ex- 
perimental stage but when fully operational 
will probably show substantial economies of 
size. 

Landfill disposal costs. —Survey data re- 
ported by Golueke and McGauhey [7, p. 23] 
were used to estimate cost per ton of solid 
waste disposed by means of landfill. Forty-one 
sites in California were surveyed with data re- 
ported on yearly: waste disposed, annual wage 
payments, long term capital expenditures (site 
modification), short term capital expenditure 
(equipment depreciation), annual maintenance 
and equipment operation costs, and a series of 
qualitative characteristics, Land costs were not 
reported and are excluded here also. In addi- 
tion, long term capital expenditures for pur- 
poses of site modification were excluded. Such 
costs vary substantially by location and by ex- 
pected use of sites once landfill has been termi- 
nated [8]. It is frequently argued that increased 
value of reclaimed land reduces land and site 
modification costs to near zero, particularly if 
landfills are short-lived. 

Cost per ton of solid waste disposed was re- 
gressed against the inverse relation of annual 
quantity of solid waste using 30 observations of 
complete data from the California study: 


(17) ACDPTN = 0.6479 + 28,380 (1/TOSW) 
standard error (4,973) *** 
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Ri= 54 2 = 30 
where 
ACDPTN = Average Cost of DisPosal per 
ToN, ($). 


The inverse relationship of quantity of solid 
waste disposed annually is highly significant 
(1 percent level) although the total amount of 
variation in cost per ton accounted for is only 
54 percent. Including important quality char- 
acteristics of the landfills could be hypoth- 
esized to account for more of the cost variation. 

The cost per ton estimate of equation (17) 
was corrected for differences in costs between 
California and Oklahoma using a construction 
cost index for major U. S. cities [5] and was 
updated to the 1971 level from the 1968-69 ob- 
served data. years using the Department of 
Commerce composite construction cost index 
[19]. These corrections amounted to a 2 per- 
cent reduction in cost per ton. 

Capacities of over one million tons annually 
tend towards an adjusted cost of $0.63 a ton, 
but such capacities are unrealistic for rural 
areas.’ Cost per ton almost doubles for capac- 
ities of 50 thousand tons over the minimum 
cost size and equals $3.42 per ton for cupecies 
of only 10 thousand tons.’ 

Service area disposal costs.—Total cost of 
solid waste disposal can be estimated by service 
area or for a combination of service areas: 


5 Observations on quantities in the California study 
ranged from 12 thousand tons annually to over one million 
tons. 

t Landfill costs have also been budgeted i in Oklahoma for 
annual capacities of about 20 thousand tons [3]. For such 
small capacities, budgeted costs per ton of solid waste have 
been up to 50 percent less than the reported regression 
results. An Indiana study, however, shows a budgeted cost 
of about $2.35 per ton in 1970 exclusive of land cost for an 
annual capacity of 20 thousand tons [1]. 
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TCDP = ACDPTN-TOQSW . 
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(18) 
where 
TCDP = Total Cost of DisPosal, ($). 


Total costs of service area collection, transfer, 
and disposal 


Combining collection, transfer, and disposal 
costs for one service area or a combination of 
service areas and for several types of solid waste 
is the following: 


TCSWS = >. TCOLC, + TCDP 


kewl 


(19) 
COLCTN,-TOSW: 


TCOLC, = 


TCDP = ACDPIN: 5 TOSW, 


kmal 


where 


TCSWS = Total Cost of Solid Waste 
Services, ($), 
Total COLlection Cost of the 
kth type of solid waste, ($), 
COLCTN, = COLlection Cost per ToN of 
the kth type of solid waste, ($), 
TOSW;, = Total Quantity of Solid Waste 
of type & in the service area, 
(tons), 
TCDP = Total Cost of DisPosal, ($), 
ACDPTN = Average Cost of DisPosal per 
ToN, ($). 


Table 4 is the summarized data for the ob- 
served service area in Oklahoma. Transfer costs 
were assumed zero since for the observed area 
the landfill site was at the edge of the city. 

It should be noted that total quantity of 
solid waste of type & can be estimated from the 
waste generator as described in the earlier sec- 
tion or, as in this case, from the estimated total 
number of annual collections in the service 
area. 


TCOLC, = 


Table 4. Total cost of collection and disposal of solid waste for an observed service area 





Type of Solid Waste ,  } re: e A ae ee Collection and 
for Disposal Solid Waste ($) solid We Waste eW Disposál S oe ToSW Disposal ($) 
COLCTN CDPTN P% +0 ns TCSWS 
Municipal . 
“Residential 1 24.99 1.91 26.90 7,639 205,489 
Commercial 2 9.80 1.91 11.71 4549 53,269 
Institution 3 13.06 1.91 14.97 4.185 62,649 
Private (25 percent 
of Total) 4 = 1.91 1.91 5,457 10,423 
Total si ae ma bee 21,830 331/830 


576 / 


Conclusions ` 


The process of planning a solid waste system 
for a community or substate region is not com- 
pleted at this stage. Some might say that the 
real process of planning is just commencing. 
Assuming it was known how much and what 
quality of service was desired, the opportunity 
is seldom available to plan a completely new 
system for a substrate region. The planners and 
community decision makers must interchange 
ideas and facts at this stage in order that deci- 
sions (incremental or otherwise) will be focused 
in the right direction to yield levels and qual- 


ities of public services consistent with social . 


goals. 

The results of this study indicate that small 
rural communities will probably have to pay 
more for collection and disposal services than 
small metropolitan areas in the 50,000 to 
250,000 range for two reasons. First, rural com- 
munities are generally less densely settled than 
the metro areas. Decreasing density by 50 per- 
cent in a budgeted municipal system has the 
effect of increasing collection costs by 20 per- 
cent. If a different technology is used which 
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permits multiple resident use of strategically 
placed containers, it is possible that collection 
costs will not increase. However, it can be 
argued that the same quality of service is not 
being provided. Second, because of imperfect 
divisibility of capital inputs, landfill disposal 
methods show significant economies of size. 

‘Excluding land costs, expected disposal cost 
per ton of solid waste was more than three 
times as much for the smallest landfill capacity 
versus the capacity for a metropolitan area of 
about 250,000 population.’ Increased transfer 
costs in the metropolitan area will tend to elimi- 
nate part of this advantage. At the same time, 
rural areas may be able to reduce total collec- 
tion and disposal costs by utilizing area-wide 
disposal facilities. 

Solid waste management for rural areas may 
be one of those unique cases where decision 
making can be more than incremental due to 
fewer fixed facilities and certain legal mandates, 
Programming optimum locations of disposal 
sites and transfer systems would appear to 
provide high pay-offs in determining the least 
cost system for such areas [13, 7, 6, 17]. 


References 


[1] Crayron, K. C., AND J. M. Hur, Sanitary Landfill 
Cost, Lafayette, Purdue Univ. Extens. Serv. EC412, n.d. 

[2] Combustion Engineering, Inc., Techknological-Eco- 
nomic Study of Solid Waste Disposal Needs and Prac- 
tices, Rockville, Maryland, U. S. Public Health 
Service Bureau of Solid Waste Management, Pub. 
1886, 1969. 

[3] Davis, R. G., “Solid Waste Management and Com- 
prehensive Planning: Analysis of Costs and Service 
Requirements for Rural Areas,” unpublished M.S. 
thesis, Oklahoma State University, 1973. 

[4] Day, L. M., “Community Facilities and Services: An 
Economic Framework for Analysis,” Am. J. Agr. 
Econ, 50:1195-1205, Dec. 1968. 

[5] Goprrey, R. S., Building Construction Cost Data 1970, 
Duxbury, Mass., Robert Snow Means Company, Inc., 
1970. f 

[6] GorvzKe, C. G., Comprehensive Studtes of Solid 
Waste Management: Third Annual Report, Washing- 
ton, U. S. Environmental Protection Agency, 1971. 

; AND P. H. McGauney, Comprehensive Studies 
of Solid Waste Management: First and Second Annual 

_ Reports, Washington, U. S. Public Health Service 
Pub. 2039, 1970. 

[8] Havucex, J., Je, G. S. Torrey, ann Y. Wane, 
“Solid Wastes—A Resource?” Am. J. Agr. Econ, 
51:1598-1602, Dec. 1969. 

[9] Hiescu, W. Z., “Cost Functions of an Urban Govern- 
ment Service: Refuse Collection,” Rev. Econ. and 
Stat. 41:81-92, Feb. 1965. 

, “The Supply of Urban Public Services,” in 

Issues in Urban Economics, eds. H. S. Perloff and L. 

Wingo, Jr., Baltimore, The Johns Hopkins Press, 1968, 





[10] 





[11] Maroons, J., “The Demand for Urban Public 
Services,” in Issues tn Urban Economics, eds. H. S. 
Perloff and L. Wingo, Jr., Baltimore, The Johns Hop- 
kins Press, 1968. 

[12] Marti, W. E., ann H. O. Carter, A California 
Inter-Indusiry Analysis Emphasising Agriculture, 
Part I: The Input-Output Models and Results, Davis, 
California, Giannini Foundation Research Report No. 
250, Feb. 1962. 

[13] Morse, M., ann E. W. Rots, Systems Analysis of 
Regional Solid Waste Handling, Washington, U. S. 
Public Health Service Pub. 2065, 1970. 

[14] Muncrrer, G. E., “Development of Interindustry 
Analysis for Use Within a Public Service Planning 
Framework to Estimate Generation of Solid Wastes 
in South Central Oklahoma,” unpublished M.S. thesis 
Oklahoma State University, May 1972. 

[15] Ralph Stone and Company, Inc., A Study of Solid 
Waste Collection Systems Comparing One-Man Wath 
Multi-Man Crews, Washington, U. S. Public Health 
Service Pub. 1892, 1969. 

[16] Screemezr, D. F., “Community Services in a Dy- 
namic Rural Economy,” in Sise, Structure, and Future 
of Farms, eds. A. G. Ball and E. O. Heady, Ames, 
Towa State University Press, 1972. 

[17] Scxuttz, G. P., ‘Facility Planning for a Public Ser- 
vice System: Domestic Solid Waste Collection,” J. 
Regional Sct. 9:921-307, 1969. 

[18] Tresour, C. M., The Community Economic Base Study, 
New York, Committee for Economic Development 
Supplementary Paper 16, 1962. 

[19] U. S. Department of Commerce, Bureau of Domestic 
Commerce, Construction Review, 18 No. 4, April 1972. 


Returns to Scale and Input Elasticities for Sugarcane: 
The Case of Sao Paulo, Brazil* 


RENALDO ALCANTARA AND ANTHONY A. PRATO 


Returns to scale and input elasticities are estimated from cost fumctions based on standard and 
generalized Cobb-Douglas production functions, Returns to scale increased up to 161 thousand 
tons and decreased thereafter. Elasticities were .340 for labor, .285 for land, .351 for fertilizer, 
.113 for pesticides, and —.089 for machinery and equipment. 


we Brazilian government recently an- 
nounced a policy to increase the produc- 
tivity and economic efficiency of Brazil’s 
sugar industry.! The government has imple- 
mented this policy by offering the sugar indus- 
try fiscal and financial incentives for the mer- 
ger, incorporation, and relocation of sugar 
plants.* If this policy achieves its intended ob- 
jective, the Brazilian government would be 
able to set lower prices for sugar and alcohol 
and thereby expand domestic and foreign con- 
sumption. Success of this policy seems to rest 
on two conditions: the industry’s acceptance 
of the fiscal and financial incentives, and in- 
creasing returns to scale in the production of 
sugarcane and/or the manufacturing of sugar 
and alcohol. Acceptance of the financial incen- 
tives would facilitate the merger and expansion 
process, and economies of scale would ensure 
lower costs for larger production units. The 
purpose of this paper is to estimate returns to 
scale and input elasticities for sugarcane pro- 
duced in Sao Paulo, Brazil and to assess the 
implications of these estimates for the above 
policy. 
Most previous estimates of costs and returns 
to scale in sugarcane production in Brazil per- 


* Florida Agricultural Experiment Station Journal Series 
No. 5039. This paper is based in part on results from the 
first author’s M.S. thesis [1]. The thesis research was par- 
tially supported by the Fulbright Commission in Brazil. 

1On August 17, 1971, Brazil’s Finance Minister an- 
nounced that the major aim of the new policy was to reduce 
costs of sugarcane production and processing [6, p. 5]. 

3 Merger occurs when two or more sugarmills are com- 
bined into a new sugarmill that receives the respective offi- 
cial quotas. Incorporation occurs when two or more sugar- 
mills are absorbed by another sugarmill that receives the 
respective official production quotas. Relocation occurs 
when a single sugarmill is transferred to another location. 
These definitions were established by the Institute do 
Acucar ¢ do Alcool (AA) which is the official executor of 
government policies relating to the sugar sector. 


REINALDO ALCANTARA i a former graduate studeni and 
ANTHONY A. Prato és assistant professor of food and resource 
economics at the University of Florida. 


tain to small producers (fornecedores). Ettori 
el al. [5] found that during the 1966-67 season 
the average cost per ton of sugarcane in Piraci- 
caba and Sertaozinho was Cr$17.48 on farms 
using mechanized cultivation and Cr$20.21 on 


farms using animal cultivation. Moraes [12] ’ 


studied sugarcane costs incurred by fornecedores 
in Piracicaba during the 1963-64 season. He 
found there were no economies of scale because 
average cost did not decrease as quantity har- 
vested increased. Based on a returns to scale 
estimate of .973, Zagatto et al. [16] concluded 
that fornecedores in Rio das Pedras operated 
under constant returns to scale. In a study of 
large farms located in several Brazilian states, 
Cline [2] concluded that returns to scale were 
constant because the estimated scale effect was 
1.004. Zagatto et al. [16] and Cline [2] com- 
puted returns to scale by summing input elas- 
ticities estimated from a production function. 

In this paper, returns to scale and production 
elasticities are estimated from a sample of 
sugarcane farms associated with the Central 
Cooperative of Sugar and Alcohol Producers in 
the State of Sao Paulo. Unlike previous studies, 
the estimates are derived taking into account 
the (implied) sugarcane quotas faced by sugar- 
mill farms and the possibility of variable re- 
turns to scale.’ 


Model Formulation 


Considering the predetermined quotas estab- 
lished for sugar, an appropriate model for the 
behavior of sugarcane producers is cost mini- 
mization subject to the production function 
and sugarcane quota. Given the general pro- 
duction function 


(1) y = f(x, oaks 


where y is quantity harvested, v is input, and v 


+, Xn, V) 


3 Although the Brazillan government places quotas only 
on sugar, the yield of sugar per ton of sugarcane is fairly 
constant at %4 kg./ton. Therefore, a production quota on 
sugar implies a production quota on sugarcane. 


577 


` 578  / ALCANTARA AND PRATO 


is a random error term, the model becomes, 


(2) min c — A[ f(a, +++, 4,0) — y] 
-where 
| (3) ot D bits, 
s iml 


and À is a Lagrange multiplier. To solve (2), it 
is necessary to specify the form of the produc- 
‘ tion function. The standard and generalized 
Cobb-Douglas production functions were se- 
lected, 


(4) y=axy - - -xè standard Cobb-Douglas 


(5) ye =a xd . . . xti generalized Cobb- 
Douglas.‘ 


The returns to scale parameter (r= > tag by) 
for the standard form is invariant with respect 
‘to y. In contrast, the generalized form is based 
on the following returns to scale function, 


a 





(6) aly) = 


EET 


where 620. For this function, a(y) equals a 
. when either y or 0=0. The function decreases 
from a at y=0 to zero as yo when 6>0 and 
increases from a'as y—>(—1/8), then becomes 
negative for y>(~1/6) when <0. Zellner and 
Revankar [17] used (5) to estimate returns to 
scale in the U. S. transportation equipment in- 
dustry and obtained reliable estimates. Revan- 
kar [14] tried an alternative scale function and 
obtained large standard errors for certain 
parameters.§ 

Replacing the constraint in (2) by (4) and 
substituting the resulting input demand func- 
tions into the definition of cost (c= > f- pi) 





4 The variable returns to scale Cobb-Douglas production 
function can also be viewed as a special case of the general- 
ized power production function [3], namely, 


y=a nn 
where f;(x) is homogeneous of degree zero in z for all 4. 
8 Specifically, Revankar [14, p. 70] considered the scale 
function 
o) tm? I; b> Se 
g arm b+y 3 i ra m 2 
where m and b are parameters. The estimate of b obtained 


using the generalized VES function exhibited large 
standard errors. - 
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gives the following logarithmically transformed 
total cost function [13, pp. 105-108 ],* 


1 by 
a Sai ae e. 
(7) ; 
+— Put Za Gebers 


where capital letters denote natural logarithms 
of the variables and Z;=/n v; is assumed to be 
NID(0, o:). Ordinary least-squares estimates 
of the coefficients of equation (7) provide esti- 
mates of the returns to scale parameter (r) and 
production elasticities (b;), 


(8) f= (ir — and § = EI. 


Since $3, (6;/r)=1, this constraint is incor- 
porated in (7) to obtain, 


; 1 by 

Cy— Puy K+ Pk (PPTA 
(9) p 
o (Pa—1— Pa) t3. 


bn is estimated from the coefficients of equa- 
tion (9), - 


(10) kalS 
im] 


Following the same procedures with the gen- 
eralized Cobb-Douglas function (5) gives the 
following cost function, 


1 6 
Cy — Pay = K' +-YVy+-95 
(11) a a 
+ dtPi — Pait o>? 
+ dy—1i(Pai =. Pay + Z7 


where Z,' is assumed to be NID(0, os). Ordi- 
nary least-squares estimates of the coefficients 
of Y; and y; are used to estimate the returns to 
scale function, 





8 The input demand functions are 
yo Ur py bait Baba g 
i a ae a 


where 


ky m bilabyh + + + Bybee 
det, and r= be 
tol 
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(12) aly) = 


a 
1+ by,’ 


where 


1\>} 1\7? 
È ws OLY 
Input elasticities associated with the gen- 


eralized Cobb-Douglas function are now de- 
rived. Letting 5, denote the input elasticity, 


For the generalized production function y=g(f) 
where in the present case 


f = a'z . Lany. 
Therefore, 
bf = us (= =) 
y \df dx: 

Noting that 

ð 

EN O 

Ox; ti 


and applying Euler’s theorem,’ 


dg 

F ay) y(af)—. 
Hence, 
(13) b; = ay) de 


N 
where d,’s are estimated from (11) and a(y) 
from (12). Notice that unlike the standard 
Cobb-Douglas function (which has constant 
input elasticities), the elasticities for the gen- 
eralized Cobb-Douglas function vary with re- 
spect to y, provided 60. When @=0, b,/=ad; 
=b; hence (9) and (11) become identical with 
r=a and di=b;/r. 
Returns to scale and input elasticities for the 
Cobb-Douglas function have been estimated by 


7 From Euler’s theorem and the fact that 0g/dx;=dy/dx, 


ð 
ee 


OX, 
Also, since dy/dx;= (aaa (af/dx), -- 
d 
z a+. oe =) = aly)y. 


Substituting for @f/axi and solving for dg/df gives (13). 


4 ty Laa): 
Orn 
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other methods. Ulveling and Fletcher [15] in- 
corporated variable returns to scale in the 
Cobb-Douglas function by expressing the input 
elasticities as a quadratic function of a capital 
intensity index. Returns to scale were com- 
puted indirectly by summing input elasticities 
(estimated from the production function) for 
different index values. For the method pro- 
posed here, the returns to scale function is in- 
directly estimated and the input elasticities ` 
(estimated from the cost function) are a func- 
tion of the scale parameter. Lau and Yoto- 
poulos [11] avoided the simultaneous equation 
bias in input elasticities estimated from the 
production function [8] by computing these 
elasticities from the coefficients of the UOP 
Cobb-Douglas profit function and certain re- 
lated- identities. Two assumptions of their 
work are that firms maximize profits and out- 
put is determined by the firm. Neither assump- 
tion is valid for sugarcane farms in Brazil. 


Estimation 


The production function for sugarcane was 
specified by the following standard and gen- 
eralized Cobb-Douglas functions, 


5 


(14) ya x yp 
i=l 
5 
(15) yet = gl m gei 
i=l 
where 


y=sugarcane harvested, tons; 
x= labor, man-days; 
%=land, hectares; 
x= fertilizers and lime, tons; 
%4= chemical pesticides, kilograms; 
%s= machinery and equipment, service- 
hours; 
v, v'= random error terms. 


The total cost functions corresponding to (14) 
and (15) are, eee 

C —P;=K Bees ly re. 
(16) 


(fis Py) 


A 
and 


f i 6 
C—Pp=K'+-Y¥4+-y 
a Q 
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+4:(Pi- P) t.e 
+dalPi— Ps) + 2’ 


where 


C=log of total cost of production on a crop 
year basis, cruzeiros; 
Y, Y=actual and log of quantity harvested, 
respectively, tons; 

P,=log of price of labor, compound wage 
rate defined as the nominal wage rate 
plus administration and housing costs 
(when applicable), cruzeiros per man- 
day; 


P=log of price of laid: sum of interest ` 
rate times the land’s present value 


plus land tax, cruzeiros per hectare; 

=log of price of fertilizers and lime in- 
cluding application costs, cruzeiros 
per ton; 

Pı=log of price of chemical pesticides in- 
cluding application costs, cruzeiros per 
kilogram; 

P;=log of price of machinery and equip- 
ment, cruzeiros per service-hour. 


Although P; is used to impose the constraint 
>. (b:/r)=1 on the price coefficients, the 
estimated input elasticities would be the same 
regardless which of the five prices is used. In- 
puts that are substitutes or complements in 
production were aggregated in order to reduce 
multicollinearity and to avoid overestimation 
of input elasticities and returns to scale [7, 9]. 
Specifically, the price of fertilizer includes the 
cost of fertilizer and the cost of machinery and 
labor required to apply fertilizer. The same 
applies to the price of chemical pesticides. The 
price of labor includes only the cost of manual 
labor, and the price of machinery and equip- 
ment includes the cost of machinery not used in 
applying fertilizers and chemical pesticides. 

Data were obtained from 24 sugarmill farms 
located mainly in the State of Sao Paulo, Bra- 
zil. Sample sugarmill farms harvested from 
18,000 to 380,000 tons of sugarcane and ranged 
in size from 600 to 10,000 hectares during the 
1970-71 crop year. All farms in the sample were 
members of the Central Cooperative of Sugar 
and Alcohol Producers in the State of Sao 
Paulo.’ A more detailed discussion of the com- 


3 Of the 96 sugarmills currently located in Sao Paulo, 78 
.are associated with Central Cooperative. The associated 
. mills account for nearly 85 percent of the sugar and alcohol 
produced in Sao Paulo. 


Am. J. Agr. Econ. 


pilation of data and measurement of variables 


-is given by Alcantara [1]. An analysis of aver- 


age production costs for farms in the sample is 
reported in [4] 
Results . 
The least-squares estimate of (16) is,’ 
(18) C—Ps=.319+.914¥+.505(Pi— Ps) 
(.088) (.245) 


+.096(P2— Ps) +.304(P3— 
(.176) (.135) 


Ps) 


+.152(Py— 
(103) 


Py. 


R? = .895 


Figures in parentheses below each coefficient 
are standard errors. Price coefficients for land, 
labor, and chemical pesticides are not signifi- 
cantly different from zero at the 5 percent 
level.}° The returns to scale parameter and pro- 
duction elasticities derived from the coefficients 
of equation (18) are given in Table 1. Except 
for machinery and equipment, the derived pro- 
duction elasticities are positive. ™ 


? Even though the input prices enter the estimation 
equations as deviations from the price of machinery and 
equipment, the price coefficients in equation (18) represent 
estimates of b;/r. 

1 Equation (18) was also estimated using the other input 
prices, i.e. Ps, Ps, Ps, and Py, to impose the constraint that 
the sum of the price coefficients equals one. In all cases the 
coefficient bs/7 was not significantly different from zero at 
the 10 percent level. This finding does not imply that bs is 
not significantly different from zero. 

u Since it was not possible to test the statistical signifi- 
cance of the input elasticities, the validity of the negative 
machinery-equipment elasticity is questionable. In eco- 
nomic terms a negative input elasticity implies that the 
input is being employed beyond the optimal level. 


Table 1. Returns to scale (r) and input elas- 
ticities (b;) for sugarcane, standard 
Cobb-Douglas cost function, Sao 


Paulo, Brazil, 1970-71 season 





Parameter Estimated value 
r (returns to scale) 1.094 
2 bor) 0.552 
nd) 0,105 
2 fertilizers) 0.333 
bı (chemical pesticides) 0.166 
bs (machinery and equipment) —0.156 


a Estimated by: r 
bs = fm > bi. 
1 
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Testing whether the derived value of r is 
significantly different from one (constant re- 
turns to scale) is equivalent to testing whether 
the coefficient 1/r is significantly different from 
one. The é-test showed that this coefficient is 
not significantly different from one at the 5 
percent level. Hence, for the standard Cobb- 
Douglas cost function, the hypothesis of con- 
stant returns to scale cannot be rejected. 

The least-squares estimate of (17) is 


(19) C—Ps=2.683+.616 Y +.0000024 
(244) C0000018) 


+.338(P,— 
(.272) 


Ps) +.284(Pa— Ps) 
(224) 


(137) (.106) 


R? = .905 


Figures in parentheses below each coefficient 
are the standard errors. The coefficients of y 
and the price of labor, land, and chemical pesti- 
cides are not significantly different from zero at 
the 5 percent level. The returns to scale pa- 
rameter and production elasticities derived 
from the coefficients of (19) are given in Table 2. 

The estimate &(7)=1.005 is based on the 
estimates Q= 1.622 and 6=.00000386; see (12). 
Although 6 is very close to zero, it has a sub 
stantial effect on @(y) as indicated by the range 
of &(y). The test for variable returns to scale is 
equivalent to testing whether ĝ is significantly 
different from zero. Since Ê is a non-linear com- 


Table 2. Returns to scale [a(y)] and input 
elasticities (b,’) for sugarcane, gen- 
eralized Cobb-Douglas cost func- 


tion, Sao Paulo, Brazil, 1970-71 





season 
Estimated value 
Parameter 

Average Range? 
a(y) (returns to scale) 1.005 »,657, 1.517 
7 (labor) 1340 12223 513 
by (land) .285 .187, .431 
6,’ (fertilizers ; 351 .229, 529 
be (chemical pesticides) -113 .074, .170 
bs’ (machinery & equipment) —.089 — 1054, —.126 





a Evaluated at the mean, J= 159,000 tons. 

> Lower limit corresponds to y= 380,000 tons and upper 
limit to y= 18,000 tons. 

° Estimated by: 


be -@(1- La). 
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bination of the coefficients of y and Y, the small 
sample variance of Ê cannot be estimated. The 
large sample variance of 6 approximated by a 
Taylor expansion [10, p. 444] is .0000019." 
The t-statistic for the hypothesis 0=0 is 2.297 
which exceeds the tabled ¢-value 2.11 (5 percent 
level with 17 degrees of freedom). Hence, the 
results for the generalized Cobb-Douglas cost 
function imply variable returns to scale. As_ 
previously noted, when 60, the elasticities 
for the generalized Cobb-Douglas function vary 
with respect to y. The estimated range for each 
elasticity corresponding to the extreme sample 
values of y are given in the last column of 
Table 2. Setting a(y) =(8/1+6y) equal to one 
and solving for y indicates there are increasing 
returns to scale below and decreasing returns 
to scale above 161,000 tons. A comparison of 
the average elasticities in Tables 1 and 2 
shows that the labor and chemical pesticides 
elasticities are greater and the land, fertilizer, 
and machinery and equipment elasticities are 
smaller for the standard than for the gen- 
eralized Cobb-Douglas production function. 
For fertilizers and chemical pesticides, the 
elasticity range based on the generalized cost 
function includes the corresponding elasticity 
estimate obtained with the standard cost func- 
tion. 

Since cost function (18) implies constant 
returns to scale and (19) implies variable re- 
turns to scale, the two functions appear to give 
contradictory evidence about returns to scale 
in sugarcane production. A closer inspection of 
the results suggests that the returns to scale 
parameter estimated with the standard Cobb- 
Douglas cost function measures the average 
returns to scale for farms in the sample. Spe- 


cifically, a() (j=159,000 tons) and # are 


2In n particular, 8=(@/a)/(i/a), and letting, = (6/a) and 
Bs aps Gla a), 


var (6) (3) = Ê) + (3) 
var Ê) +2 (3) ER cov Gi, Ba). 
Therefore, 
wâ (2) m (2) + a 


ine (7) +2(8) eres ifa cov ({/ar, bfo. 
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quite similar, 1.005 and 1.094, respectively. 
Viewed in this manner, (18) and (19) are con- 
sistent and imply that average returns to scale 
approximately equal one, and returns to scale 
vary significantly over the range of output 
represented in the sample. Converting the total 
cost function (19) to an average cost (AC) func- 
tion yields 


“ (20) in AC = 6.788 — .384Y + .00000238y 


where the intercept includes the price effects 
(price coefficients of (19) times average input 
prices). Setting the first derivative of (20) with 
respect to Y equal to zero and solving for y 
gives the output at which average cost is a 
minimum ($13 per ton), namely 161,000 tons. 
This is the same output obtained by setting 
a(y) equal to zero and solving for y. Hence, 
average cost decreases with increases in output 
up to 161,000 tons and increases thereafter. 
Since returns to scale appear to vary with 
output, the input elasticities reported in Table 
2 are considered to be more valid than those in 
Table 1. It is not possible, however, to make 
meaningful recommendations about resource 
use based on these input elasticities. First, 
there is no consistent way to derive the mar- 
ginal physical productivities (MPP) from the 
input elasticities.¥ Hence, the MPP-input 
price ratios which are typically used to assess 
resource use cannot be computed. Second, the 
economic assumption underlying the estima- 
tion procedure (cost minimization subject to 
the production function and quota) implies 


u For the standard Cobb-Douglas production function, 
input elasticities are constant and MPP varies with output. 
Input elasticities for the generalized Cobb-Douglas produc- 
tion function vary with output. Consequently, the input 
elasticity cannot be algebraically transformed to a MPP. 
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that sugarcane farms are using their inputs 
efficiently. 


Summary and Conclusions 


The purpose of this paper was to estimate re- 
turns to scale and input elasticities for sugar- 
mill farms in Sao Paulo, Brazil. Since the sugar- 
mills face predetermined production quotas for 
sugar, the economic model selected assumes 
that sugarcane producers attempt to minimize 
costs subject to the production function and 
implied sugarcane quota. Production of sugar- 
cane was represented by a standard and gen- 
eralized Cobb-Douglas production function. 
The latter allows for variable returns to scale 
whereas the former assumes that returns to 
scale are invariant with respect to output. Five 
inputs were included in the production func- 
tions: labor, land, fertilizer, chemical pesticides, 
and machinery and equipment. Returns to 
scale and elasticities were estimated from the 
cost functions by ordinary least squares using 
1970-71 data from a sample of 24 sugarmill 
farms associated with the Central Cooperative 
of Sugar and Alcohol Producers in the State of 
Sao Paulo, Brazil. 

The results showed increasing returns to scale 
up to 161,000 tons of sugarcane harvested and 
decreasing returns to scale thereafter with 
average returns to scale approximately equal to 
one. Based on this finding, it appears that the 
Brazilian government’s policy to increase effi- 
ciency in the sugarcane industry should con- 
centrate on the expansion and merger of sugar- 
cane farms whose combined harvest of sugar- 
cane is no greater than 161,000 tons per year. 
Given the existing technology, expansion be- 
yond this level of output is not likely to reduce 
average costs due to the presence of disecono- 
mies of scale. 
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A Framework for Comparing the Efficiency of Futures Markets 
Terres A, Kort | 


Empirical observation and theoretical analyses show that the allocative and forward pricing 
functions of futures markets are more reliable for continuous than for discontinuous inventory 
markets. This emphasis on the importance of carry-over inventory in affecting day-to-day price 
spreads is extended to take into account other factors which contribute to pricing efficiency. By 
examination of the characteristic behavior of the life cycle of a futures contract, a framework 
is developed to test, analyze, and contrast the performance of futures markets, i.e., how reliable 
futures quotations are as predictors of spot (cash) prices. Policy and theoretical implications 


are given. 


agricultural commodity production in the 

United States in 1968 was represented by 
commodities having organized futures markets 
[11, p. 11]. Prices of some important interna- 
tionally traded primary commodities are also 
determined via the futures market. Primary 
commodity prices are frequently volatile and 
unpredictable due to uncertainties in shifts of 
the supply and demand schedules. In this re- 
spect, futures markets play a stabilizing role in 
guidance of inventory and in stabilizing prices 
and incomes. It has been shown that well estab- 
lished and properly regulated futures markets 
are superior to cash markets in price determina- 
tion because they provide central market prices 
established in open competitive bargaining, 
among other reasons [2]. Thus futures markets 
are important institutions in both domestic and 
international trade. 

Price formation on futures markets at any 
point in time is the result of expert appraisal of 
past conditions, currently available informa- 
tion, and expectations on supply and demand. 
A viable futures market not only provides a 
constellation of prices which reflects available 
information on supply and demand, but also 
facilitates the carrying of inventories through 
hedging and hence reduces the variance of 
prices for the seasonally produced continuous 
inventory commodity. The performance of 
futures markets should be studied before do- 
mestic stabilization schemes or International 
Commodity Agreements are proposed and/or 
constructed for any commodity. Such study 
will assist in determining whether intervention 
in the market is desirable or will enable the de- 
sign of better stabilization schemes. This aspect 
of the futures market literature has received 
relatively little attention. 

Terres A. Kort ts assistant professor of economics at the 
Food Research Institute, Stanford University. 
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[ HAS been estimated that 60 percent of 





The purpose of this paper is twofold. First, 
the study develops a framework to assess the 
efficiency of futures markets, drawing on and 
extending a recent work by Tomek and Gray 
[22]; second, an empirical application compares 
the relative performance of different markets 
and of the same market for different time pe- 
riods. 


Theory of Futures Markets and 
Market Performance 


Most futures market literature emphasizes 
two important roles played by the market: 
guidance of inventory and establishment of for- 
ward prices. Price determination in futures 
markets has been explained through the theory 
of the “supply of storage,” according to which 
the intertemporal price differences between spot 
and futures prices are related to inventory be- 
havior over the time horizon. Working [26, p. 
15] states that “expectations which deserve to 
influence the price of the most distant future 
quoted should always bear equally on spot 
prices, unless a period intervenes when stocks 
from both past and future production are ex- 
pected to be non-existent.” The “supply of 
storage” theory has been the basis of empirical 
studies in futures markets price determination 
[26, 4, 24, 15]. Tomek and Gray [22, p. 372] 
provide empirical evidence to show important 
basic differences in temporal price relationships 
between futures markets for commodities with 
“continuous” inventories (corn and soybeans) 
and futures markets for commodities with ‘‘dis- 
continuous” inventories (potatoes). 

According to Tomek and Gray, the discon- 
tinuity in potato stocks largely accounts for the 
absence of correlation between daily price quo- 
tations for the May and November futures; 
whereas, for corn and soybeans the daily price 
movement of near and distant futures has a > 
high positive correlation, even when the com- | 
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modity is priced in different crop years [22, p. 
377]. The Tomek and Gray hypothesis may be 
stated as follows: all things being equal, the al- 
locative and forward pricing function of futures 
markets will be more reliable for continuous 
than for discontinuous inventory markets. This 
is so because when continuous inventories are 
carried, the daily price spread movements on all 
futures delivery months are affected “smoothly,” 
interacting with inventory adjustments and 
contributing to pricing efficiency. This em- 
phasis on the importance of carry-over inven- 
tory in affecting day-to-day price spreads may 
be extended to take into account other factors, 
such as the inherent difficulties in predicting 
demand and supply conditions and the institu- 
tions peculiar to the commodity in question. 
More specifically, the hypothesis may be re- 
stated and generalized to include other vari- 
ables which contribute to pricing efficiency. 
Thus it is the carry-over together with the ex- 
pected inventory behavior, the expectations on 
demand and supply conditions, and proper 
working of the futures institution—optimal 
level of speculation and hedging and proper 
regulations and by-laws—which impart to the 
established forward prices an aspect of “self- 
fulfilling prophecies.” The forecasting perfor- 
mance of futures markets may then be compared 
and contrasted in terms of their forward pricing 
efficiency, i.e., how reliable the futures quota- 
tions are as predictors of the spot (cash) prices 
on a contract expiration date. 

The “theory of anticipatory prices” [28], as 
developed by Working, emphasizes that prices 
are formed through human decision-making 
based on available information about supply 
and demand and past conditions on the market. 
The theory implies that price fluctuations in 
the market are due to expert appraisal of the 
significance of changing economic information 
in a world of uncertainty and this is the reason 
that day-to-day price quotations and fluctua- 
tions in a futures market exhibit a random walk 
characteristic. Statistically, the random walk 
hypothesis has been tested and in most cases 
Aig acceptable by Larson and others [17, 16, 
21] 


1 As pointed out, the “theory of anticipatory prices” has 
been investigated empirically through the random walk 
hypothesis. The hypothesis implies independence of futures 
price changes. This paper concerns itself with prices and 
not price changes. Thus, using standard regression methods 
in this study, the independence of the futures quotations 
will be sought through the Durbin-Watson test statistic. 
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Performance model criteria 


Futures markets quotations reflect future 
conditions of supply and demand insofar as the 
current information and market conditions per- 
mit. The degree to which futures markets 
provide forward prices is more pronounced in 
the planting season because at this time future 
supplies are a matter of estimate, and the 
hedging use of the market is minimal. Thus, the 
“forecasts” (future prices) of the harvest time 
cash prices in the planting season may be used 
as indicators of how well the futures market is 
able to predict future market conditions. This 
may be formulated as the following simple 
linear regression equation: 


Pa = a+ Pju + en, 
where Pg = cash price at harvest time, 


Py = previous futures quotations for har- 
vest time contract, 


and ey = error term. 


In this formulation the correlation coefficient, 
rt, may be used as a measure of market per- 
formance. The higher the r*, the more reliable 
the prediction. Furthermore, under ideal condi- 
tions, perfect information, and a “balanced 
market”—-optimal hedging and speculation, 
and pure competition—a perfect “forecast” re- 
quires that the regression coefficients a and £ be 
zero and unity respectively, and the expected 
value of Pa, given Pyn is equal to Pyn. 


Empirical evidence of performance test 


Price data were collected for Chicago wheat 
and Maine potato futures of the U. S. domestic 
markets. For each of these markets current 
prices (prices at expiration of the first futures 
after harvest) were regressed on the closing 
futures prices on the last day of trading of each 
month of the contract life for the period 1953 
to 1969. Ordinary least-squares regression anal- 
ysis was used to estimate the equations. 

Table 1, in part, presents the empirical evi- 
dence supporting use of the 7° as a measure of 
performance. The wheat market, a continuous 
inventory market, outperforms the potato mar- 
ket, a discontinuous inventory market that has 
relatively more pronounced uncertainties about 
conditions on supply and demand. The wheat 
market, unlike the potato market, provides 
more reliable estimates of forward prices at any 
point in time, although the potato market im- 
proves faster by virtue of starting from rela- 
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Table 1. 
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Estimated linear regression relationships between the spot (cash) price and prior 


futures price of the first futures after harvest, for wheat (July contract) and potatoes 


(November contract), 1953-1969=-> 








Time Intercept Slope r d.w.! 
interval? Wheat Potatoes Wheat Potatoes Wheat Potatoes Wheat Potatoes 

11° 55.67 — .66 — 44 — 1.76 — 
(36.42)4 — (.19) = 

{0 34.29 419,62 18 ~1.05 . .53 06 1.76 1.70 
(35.28) (248.07) (.19) (1.05) 

9 42.59 361.90 -73 —0.54 49 02 1.69 1.90 
(35.86) (246.94) (.19) (1.04) 

8 32.18 —122.08 .78 1.54 54, 16 1.91 2.37 
(35.10) (212,28) (.19) (0.92) 

7 26.74 —186.29 „81 1.84 61 21 1.84 2.41 
(31.92) (212.08) (.17) (.93) 

6 18.20 97.08 86 .59 -65 06 1.82 2.44 
(30. 13) (144.62) (.16) (.62) 

5 20.23 94.98 .85 -61 .67 14 1.80 2.27 
(28.89) (88.33) (.15) (.38) 

4 18.82 84.39 .87 .67 72 .31 1.92 2.26 
(26.08) (58.14) (. 14) (.26) 

3 12.40 19.00 .92 .96 .78 61 1.80 2.02 
(22.70) (45.24) (.12) (.20) 

2 3.43 15.10 -98 .97 .83 70 2.04 1.96 
(20.83) (37.21) (.12) (. 16) 

1 3.60 59.02 99 T 9 7h 1.87 2.29 
(14.99) (29.73) (.08) (.13) 


* The dependent variable—spot (cash) price—is the closing price on expiration of the July contract (wheat) and Novem- 
ber contract (potatoes). The independent variable is the closing futures price of the same future recorded on the last day 
of preceding months. The variables are measured in cents per bushel for wheat and cents per hundredweight for potatoes. 


Data Source: Wall Street Journal, various issues. 


° Time interval represents months in advance of contract expiration date. 

4 Numbers in parentheses are standard errors of the respective coefficients. 

e For potatoes, in most years the market trading was not open that early; hence, quotations were not available 11 months 
prior to contract expiration date. This was also true of the soybean market. 

1 None of the Durbin-Watson Test Statistic results show a significant positive autocorrelation at the 1 percent level- 


tively worthless estimates and approaches 
estimates that are perfect by definition.? 


‘ Test measure and analysis of performance 
results 


Having confirmed the Tomek-Gray result 
and extended it to illustrate the characteristic 


‘Statistically, to ascertain whether the forecasts are 
unbiased and/or efficient, tests of sampling significance 
must be undertaken, i.e., a determination of whether the 
resulting regressions have intercepts which are not signifi- 
cantly different from zero, and slopes which are not signifi- 
cantly different from unity. Also, predictive reliability in- 
creases with higher values of r*, This is especially valuable 
as one moves closer to the contract expiration date. The 
statistical results meet the criteria the closer one moves to 
the contract expiration date. 


behavior of a futures contract during its life 
cycle, the tests can be expanded by allowing for 
other market or institutional factors, in addi- 
tion to the continuity of carry-over inventories. 
The test can be used to measure, compare, and 
contrast the performance of several futures 
markets. The above calculations were per- 
formed for cocoa and coffee, which are traded in 
international markets, and also for the soybean 
and corn markets in addition to wheat and 
potatoes, which have been used above to dem- 
onstrate the performance test measure. 
Results of the performance test for the six 
commodities are shown in Table 2, which pre- 
sents four sets of regression results. Each group 
presents the regression relationships between 
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the spot (cash) price and prior futures price of 
the first futures contract after harvest, at the 
same time horizon away from the contract 
expiration date, for all commodity markets 
shown. The results are also charted in Figure 1. 

As predicted, the continuous inventory fu- 
tures markets are relatively more reliable pre- 
dictors of the spot (cash) prices than discon- 
tinuous inventory markets; the potato market 
has a lower 7? compared to the other markets. 
Although the 7° of the potato market increases 
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as the contract expiration date is approached, it 
rises erratically and is not as high compared 
with the other markets. 

The question now is how to account for the 
ranking in the performance test of the continu- 
ous inventory markets. For example, the r? for 
cocoa for the months reported in Table 2 and 
charted in Figure 2 is consistently lower rela- 
tive to all the continuous inventory markets. © 

If the behavior of a market for two different 
periods is ranked or contrasted by using the 





Table 2. Estimated linear regression relationships between the spot (cash) price and prior 
futures price of the first futures after harvest for potatoes, cocoa, coffee, soybeans, 
corn, and wheat, 1953-1969*-> 

Commodity Intercept Slope r d.w.f Intercept Slope r d.w. 

10 months away from contract expiration date* 8 months away from contract expiration date 

Potatoes 479.62 —1.05 .06 1.70 —122.08 1.54 .16 2.37 
(248.07)* (1.05) (212.28) (0.92) 

Cocoa 11.54 -67 35 1.27 8.38 77 .43 1.26 
(6.74) (.23) (6.69) {.23) 

Wheat 34.29 . 78 53 1.76 32.18 78 54 1.91 
(35.28) (.19) (35.10) (.19) 

Corn 20.30 81 .50 2.13 9.19 .89 54 1.97 
(26.48) (.21) (27.21) (.21) 

Soybeans 10.76 -99 -63 2.35 —14.42 1.09 66 2.08 
(48.35) (.20) (49.93) (.20) 

Coffee! —5.99 1.27 9 2.6 1.44 1.03 88 2.28 
(11.06) (.24) (7.05) (.15) 

6 months away from contract expiration date 2 months away from contract expiration date 

Potatoes 97.08 .59 .06 2.44 15.10 97 .70 1.96 
(144.62) (.62) (37.31) (.16) 

Cocoa 11.58 -65 .49 1.39 1.62 98 .83 1.33 
(5.20) (.17) (3.38) (. 11) 

Wheat 18.20 -86 -65 1.82 3.43 -98 .83 2.04 

(30.13) (.16) (20.83) (.11) ; 

Corn ~5.72 1.01 -67 1.08 8.73 93 91 0.79 
(23.27) (.18) (9.52) (.08) 

Soybeans 4.57 1.02 83 1.50 —12.59 1.08 .88 1.89 
(48.91) (.20) (25.40) (.10) 

Coffee 17.73 66 75 1.63 13.03 74 92 1.77 
(7.40) (.14) (4.46) (.08) 





* The dependent variable—spot (cash) price—is the closing price on 





iration of the December contract (corn and 


cocoa), November contract (soybeans and potatoes), July contract (wheat), and September contract (coffee). The inde- 


pendent variable is the closing futures price of 


the same future recorded on the last day of preceding months. The variables 


are measured in cents per bushel for corn, soybeans, and wheat; in cents per pound for cocoa and coffee; and in cents per 


hundredweight for potatoes. 
b Data Source: Wall Street Journal, various issues. 


e Numbers in parentheses are standard errors of the respective coefficients. 


4 Based on 1953-62 only; 1963-69 excluded because of the Coffee 


eement. 


* For cocoa, wheat, corn, and coffee the r? for 11 months away were .31, .44, .51, and .73, respectively. For soybeans and 


potatoes trading was not open that early in most 
t With the exception of two values for the corn 
cant positive autocorrelation at the 1 percent level. 


covered. 
tures, none of the Durbin-Watson Test Statistic results show a signifi- 
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— Contrasting the r? performance Test rasalts for Potatoes, Cocoa, 
Wheat, Corn, Soybaana,and Coffee. 


Predictive reliability behavior of a futures 
contract life span*’> 
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Figure 1. 


performance test, the “qualities” of several 


variables that contribute to pricing efficiency - 


are being indirectly compared. These several 
independent variables are necessarily deduced 
from the conditions on the supply and demand 
sides and also the “quality” of the futures mar- 
ket institution pertaining to the nature of the 
commodity. Since the constellations of futures 
prices are arrived at after expert appraisal of 
changing economic conditions on demand and 
supply, it may now be hypothesized that given 
a balanced’ futures market, optimal inventory 
allocation and forward pricing efficiency are a 
function of the following grouped variables 
taken together: 

(1) The “nature” of the commodity, e.g., a 
continuous, quasi-continuous or non-inventory 
market; a perennial (tree) or annual crop and 
the degree of uncertainty in annual production 
variations; supply and demand elasticities; the 
nature of the stocks or inventory cost functions. 

3 The concept of a “balanced” and/or “mature” futures 
market implies that the market neither overestimates nor 
underestimates prices over long periods of time. On the 
other hand, less well used markets, “thin” or “lopsided” 


markets may persistently overestimate or underestimate 
prices over extended time periods [10, p. 304]. 
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(2) The quality of information about past 
and forthcoming economic conditions on supply 
and demand and the ease of predicting these - 
values adequately. 

(3) The nature and degree of intervention by 
governments or international agencies in the 
free market price determination mechanism. 
All these known variables are reflected in the r? 
performance test. 


Differences in variable emphasis 


Tomek and Gray [22], in discussing temporal 
price relationships between futures markets, 
singled out and stressed the continuous inven- 
tory nature of a commodity as largely accounting 
for the contrasting forward pricing behavior be- ` 
tween Maine potatoes, soybeans, and corn. Heif- 
ner [12], on the other hand, stressed govern- 
ment policies, e.g., price support programs, as 
being responsible for the contrasting behavior.‘ 


-*R. G. Heifner, commenting on the Tomek and Gray 
paper, stressed that the United States Government price 
support programs (and the attendant information about 
support levels) for corn, wheat, and soybeans account for 
the marked contrasting behavior between these commodi- 
ties and potatoes. Tomek and Gray, in a reply to Heifner’s 
paper, argue that support programs did not account for the 
contrasting behavior and that, moreover, soybean prices 
have been typically above support levels [12, 23]. 
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In this paper the stress is upon the role played 


by the quality of information on inventory ex-. 


pectations in addition to the role played by 
inventories or carry-overs.' As pointed out, the 
r° performance test embodies all these groups of 
variables stressed above by different writers. 

The r? performance test cannot be used to 
rank the commodities in absolute terms. For 
example, it is hard to answer the following 
question: To what extent is the quality of in- 
formation about forthcoming economic condi- 
tions better for corn, wheat, and soybeans than 
for cocoa 10 months prior to harvest? If all the 
commodity markets presented here were similar 
in structure, with the same initial conditions 
and also were experiencing the same policies, 
then one cotld perform isolated tests of the 
ability to predict the effect of specific variables 
or policies and thereby rank the markets. Al- 
ternatively, these differences could be “cor- 
rected” using “weighted multiple regression” 
methods to contrast the performance of the 
markets. This methodology was not employed 
in the present study. Because the structure of 
the markets is different, only subjective state- 
ments can be made about the contrasting be- 
havior using the 7? performance test together 
with market structure analyses. However, for 
the same market a policy, a variable, or a 
structural change can be isolated, and the effect 
of this change on the price determination 
mechanism can be noted by running the regres- 
sion for two different. time periods. This point 
may be demonstrated by extending the time 
period run for corn to incorporate structural 
change and that of coffee to reflect a policy 
change that took place. 


Evidence on structural and policy changes 


Tables 3 and 4 and Figure 2 present the re- 
gression results for corn and coffee including 
time periods in which the degree of uncertainty 
in production variability was high and periods 


5 Weymar [24, p. 1228] has restated the supply of storage 
theory. He stressed the role played by expected inventory 
behavior in accounting for intertemporal price spreads of 
futures quotations, 


* Such an exercise is not fruitless, for it is possible to 


learn about the comparative weaknesses of other markets 
and seek to improve some institutions in the price determin- 
ation mechanism. For example, a measure of the slopes in 
Figure 1—slope of the 7*’s—may be used as an index for 
contrasting the effectiveness of use of market information 
for a commodity at different time intervals or periods. If 
the index is refined by “weighting” the variables, it could 
be used to contrast different markets. 
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Table 3. Comparison of estimated linear re- 
gression relationships between the 
spot (cash) price and prior futures 
price of the first futures after har- 
vest, for corn (December contract) 
for periods 1953-1969 (P1) and 
1953-1971 (P2)= 








qi Intercept Slope rn 
interval? Corn Corn Corn Corn Com Corn 
(Pi) (P2) (P1) (P2) ŒH (2) 
il 27.11, 42.59 -15 -65 „51 30 
(24.09)4 (30.37) (.19) (.24) 
10 20.30 36.63 81 68 50.28 
(26.48) (33.02) (21) (26) 
9 26.37 44.68 76 .63 47.26 
(26.51) (34.42) (.21) (26) 
8 9.19 17.66 .89 84 54 
(27.21) (34.18) (21) (27 
7 12.32 —1.24 1.07 -99 52.34 
(33.53) (42.24) (27) (34) 
6 —5.72 ~15.66 1.01 1.10 67.62 
(23.27) (26.69) (18) (21) 
5 9.16 8.81 91 .93 4 58 
(17.53) (23.65) (.14) (19) 
4 12.50 8.85 -89 .93 B4 87 
(12.37) (10.95) (.10) (.09) 
3 13.67 7.58 89 94 £78 82 
(14.73) (13.39) (.12) (11) 
2 8.73 1.13 .93 .99 9 90 
(9.52) (10.10) (.08)  (.08) 
9.48 2.29 .92 .98 97 94 
(5.45) (7.73) (.04) (06) 


® The dependent variabl t (cash) price—tis the closing price on 
expiration of the December contract for corn, The independent variable 
is the closing futures fetes ok the same fiture recorded on the last day of 
preceding months. The variables are measured in cents per bushel. 

> Data Source: Wall Street Journal, various issues. ; 

° Time in represents months in advance of contract expiration 


dai 
Tkumbers in parentheses are standard errors of the respective co- 
efficients, j 


when there was a policy change. Changes of the 
7? performance test reflect these factors. Be- 
tween 1925 and 1941 the corn crop typically 
ranged annually between 2 and 3 billion bushels; 
in 1934 and 1936 severe droughts caused crop 
sizes to drop to 1.4 and 1.5 billion bushels, 
respectively. Since 1941, annual crop variation 
has been normal. In 1970 a severe blight re- 
sulted in a small crop contrasting with good 
weather in 1971 which produced a bumper 
crop. The 1971 production was a record 5.5 bil- 
lion bushels; 35 percent larger than 1970’s 
blight-damaged crop and 16 percent above the 
previous high of 4.8 billion bushels. Unforescen 
changes in weather conditions and the blight 
increased the uncertainties of supply forecasts. 
Consequently, the futures price prediction of 
the spot prices in these two years was relatively 
unreliable. 

The case of coffee was different. In the late 
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Kort 





Comparison of estimated linear re- 
gression relationships between the 
F spot (cash) price and prior futures , 
price of the first futures after har- 
vest, for coffee (September con- 
tract) for periods 1953-1962 (P1) 
and 1953-1967 (P2)*> 
Intercept Slope rt 
Time —_—_—eoOoOoOo 
interval? Coffee Coffee Coffee Coffee Coffee Coffee 
eD = 2) e) @2) @1) @2) 
lt —3.18 | 6.17 1.20 1.24 273 AS 
(12.49)3 (8.42) (.28) (20 
10 —5.99 9,80 1.27 1,33 79 82 
(11.06) 0:30 (24) C1) 
9 1.14 —2,91 1.07 1.13 81 
{9.19) (6,09) (.20) (14) 
8 1.44 —1,47 1.03 1.07 
0.0) (4.62) Cis) C10 
7 11.04 744 83 86 80 
a79 653 CO C12) 
6 17.73 13,72 66 .70 75 78 
(7.40) (5.00) (.14) (.11) 
5 15.91 11.52 -71 d -74 77 
{7.94) (5.38) (.16) (,12) 
4 14,52 9,78 73 .79 76 
(7:85) (8.23) (118) (11) 
3 13,52 9.99 73 78 82 
(6.70) (4:16) (113) C09) 
2 13.03 9.47 14 .79 92,92 
(4:46) 3:07) C) C) 
1 —5.73 —3,81 1.14 1.10 97 97 
(3.78) (2.46) Com (05) 


dependent varlable—apot (cash) price-—is the closing price on 
earann of the September contract for cokes: The Independent variable 
is closing futures price of the same future recorded on the last day of 
preceding months. The variables are measured in cents pound. 

Data Source: Wall Street Journal, various issues. Note that & com- 
modity agreement on coffee was ratified in 1962 and implemented in 
1963, The futures market was almost dead by 1968. Thus 1968 and 1969 
data are not Included. 

© Time interval represents months in advance of contract expiration 


da 
Shyumbers in parentheses are standard errors of the respective co- 
efficients. 


1950’s and early 1960’s coffee supplies exceeded 
demand. Some producers, especially in Brazil, 
controlled their supplies and were somewhat 
successful in defending world floor prices.” In 
1962 an international commodity agreement on 
coffee was negotiated and ratified, and it was 
implemented in 1963. Thus, during the period 
of this study coffee prices have been controlled 
in one way or another through export restric- 
tion agreements. As theorized, the r*’s for coffee 
(P1) and coffee (P2) are virtually the same, 


1 The time period covered for the r? performance test for 
coffee (Table 2) was from 1953 through 1962, excluding the 
period when ICA was in effect. However, for this period it 
may be said that prices were rigidly controlled as producers 
accumulated supplies to defend a floor price. In 1960, 3 
million bags were allocated for industrial use in Brazil and 
7 million bags were destroyed in mid-1961 [7, p. 111]. 
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statistically, because prices were controlled in 
both periods. However, visually, there is a 
slight improvement in the case of coffee for the 
second time period, whereas the opposite is true 
in the case of the corn market. The above 
analyses demonstrate that the market structure 
must be studied before the r? performance test 
can be used to interpret the contrasting be- 
havior of a market for different time periods or 
between markets. 


Periodization of market performance 


The cocoa market seems to exhibit some of 
the above contrasting features more sharply 
when investigated over a long historical period. 
The market was divided into three periods: the 
formative years, 1929-38; the war years, 1939- 
47; and the mature “balanced” period, 1948-69. 
The New York Cocoa Exchange was organized 
in 1925, and it was still growing in the first 
period when market information was not easily 
obtainable due to primitive communication net- 
works. In the second period, market prices were 
administered to some extent as a result of 
World War II.8 In the third period the New 
York Cocoa Exchange and the London Termi- 
nal Market grew rapidly into balanced markets 
[10]. The performance test applied to these 
periods conformed to expectations (see Table 
5). The middle period performed best because 
prices were administered during the war years. 
In the formative period the performance was 
poor relative to the mature “balanced” period; 
this was more pronounced in the early phases 
of the contract life. 


Contrasting the performance of commodity 
futures markets 


In this section the r? performance test and 
other factors are used to contrast the relative 
behavior of futures markets. In non-inventory 
markets the futures market performs a forward 
pricing role. The forward pricing behavior re- 


* At the outbreak of the Second World War the British 
government undertook to buy the total production of 
British West African cocoa, which accounted for well over 
50 percent of world supply. In April 1940, Britain and 
France reached an accord for Britain to purchase the 
French West African crop and sell it abroad. Thus, the 
British controlled a large portion of world supply during the 
war period, and prices were controlled or administered. 
Specifically, the price of cocoa in the United Kingdom was 
controlled by the Ministry of Food from October 1, 1940, 
to November 1, 1950. In the United States there was a fixed 
ceiling price in New York for Ghanaian and Bahian cocoa 
of 8.9 and 8.7 cents, respectively, from 1942 to 1945. 
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Table 5. Estimated linear regression relationship between the spot (cash) price and’pibr fis 
tures price, of the first futures after harvest for cocoa, for various historical patiods— 7% 
1929-1969.» Yt Y 
seh fe 
Time period Intercept Slope r d.w.d Intercept Slope res 
11 months away from contract expiration date 8 months away from contract expiration-date~ f 
Period I, 1929-38 4.14 .29 .10 2.26 2.97 51 19 2.20 
(2.44)° C39) (2.53) (.37) 
Period II, 1939-47 —3.02 1.72 -78 2.01 —6.31 2.06 -19 1.88 
(3.45) (.34) (3.98) (.41) 
Period ITT, 1948-69 16.02 -46 -16 1.50 13.72 .56 29 1.57 
(7.03) (.24) (5.57) (. 20) 
6 months away from contract expiration date 2 months away from contract expiration date 
Period I, 1929-38 1.05 81 34 2.03 — .86 1.23 83 2.05 
(2.67) (.40) i (1.21) (.20) 
Period IT, 1939-47 — .89 1.38 .80 2.05 3.01 75 -92 2.47 
(2.9) (.26) (1.35) (.08) 
Period TIT, 1948-69 13.38 56 .39 1.78 5.03 83 .70 1.23 
(4.55) (.15) (3.69) (.12) 





* The dependent variable—spot (cash) price—{s the closing price on Ppa of the December contract. The inde- 


pendent variable is the closing futures price of the same future recorded on 


are measured in cents 


r pound. 
b Data Source: W 


Street Journal, various issues. 


c last day of preceding months. The variables 


* Numbers in the parentheses are standard errors of the respective coefficients. 
4 None of the Durbin-Watson Test Statistic results show a significant positive autocorrelation at the 1 percent level. 


flects a great deal of uncertainty on expecta- 
tions concerning supply. On the other hand, in 
the continuous inventory markets there is a 
linkage between futures contracts via the sup- 
ply of storage which helps to make the futures 
prices self-fulfilling prophesies. In this case the 
markets continuously adjust equilibrium prices 
to new market information, and the “quality” 
of this information becomes the crucial factor. 
Thus, continuous inventory futures markets 
can be expected to outperform quasi-continuous 
and non-inventory markets, in that order. The 
potato market has a lower year-to-year varia- 
tion in production (instability index), but be- 
cause of its discontinuous nature, it provides 
less reliable spot price forecasts (Table 6 and 
Fig. 1).° 

Contrasting the behavior of continuous in- 
ventory markets is not so clear-cut. However, 
by identifying important variables such as de- 
gree of crop production variation, isolating 
them, and analyzing their effects on the pricing 
behavior, qualitatively or quantitatively, con- 
clusions regarding their responsibility for the 
contrasting behavior can be drawn. 

3 Lower price elasticity of demand also imparts higher 
instability to potato prices. The present study did not in- 
clude measurements of this contrasting behavior. 


Figure 2 shows that the coffee futures market 
out-performs all other markets. It has the 
highest r? almost throughout the contract life. 
As noted for the period under study, 1953-62, 
supply was consistently greater than demand, 
and producers began accumulating stocks to 
defend a floor price. In the United States the 
year-end carry-over inventory steadily in- 
creased. Prices could not rise under these con- 
ditions. Futures prices and spot prices fluctuated 
downward within a narrow band—hence, the 
high predictive reliability. 

It is difficult to account for the contrasting 
behavior between the United States grain mar- 
kets; the r? performance test differences are not 
pronounced for the grains. A more sensitive 
model will have to take into account the effects 
of the government support programs for the 
period under study, as well as the nature of the 
commodities.!° 

10 For the grains, the contrasting behavior may not be 
related to quality of information about preduction and 
demand. We have good information in the United States 
for the grains, but we still have uncertainties about planted 
acreage and yields. Hence, we cannot be specific about crop 
size, say ten months prior to harvest. However, it seems 
that more is known about soybeans than wheat or com be- 


tween ten and five months prior to harvest (Fig. 1 and Foot- 
note 4). 
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Table 6. Instability index for yearly changes 


in production, 1953-1969» 





Three year 
* moving ave Yearly percentage 
Commodity percentage devia devise deviation method 
tion method 
Potatoes - 4.11 6.69 
Cocoa (imports) 6.30 12.23 
Wheat 6.76 10.66 
. Corn? 4.36 (4.95) 7.55 (8.74) 
Soybeans 3.87 9.46 
Coffee (imports)° 4.36 8.10 


a The formulas for measuring the instability indexes are 
described in (8, Ch. 2]. i 

b The values in theses show the instability index 
for corn for the period 1953-1971. In 1970 there was a corn 
blight (small crop), but 1971 was a bumper crop year. 

° The index for coffee is based on the period 1953-1962. 
See text concerning exclusion of later years. 


Among the continuous inventory markets 
studied, cocoa performs relatively poorly. Rela- 
tive to the grain inventories, cocoa appears less 
responsive to price relationships." Thus, smooth 
inventory adjustments to a forthcoming crop 
size cannot be expected to the same extent ob- 
tainable for grains. This is certainly true for the 
producers who cannot store the commodity for 
over a year, and true to some extent of the 
middlemen and consumers in temperate zones. 
Secondly, the uncertainties about forthcoming 
crop size are less and the quality of information 
about economic conditions are better for United 
States grains than for cocoa. Table 6 shows that 
cocoa has a higher production instability index 
than the grains. Year-to-year production change 
commonly exceeds 30 percent. Production fore- 
casts for cocoa, a perennial crop, are relatively 
inaccurate. On the other hand, forecasting the 
production of seasonal crops such as corn, 
wheat, and soybeans is relatively easy. Addi- 
tionally, in the United States, decision makers 
in these markets enjoy relatively accurate in- 
formation, furnished by the United States De- 
partment of Agriculture, on crop estimates and 
weather forecasts. 

Uncertainty surrounding cocoa forecasts at 


. Cocoa is produced in the tropics and consumed pri- 

marily in the temperate zones. The commodity cannot be 
stored in the tropics for over a year under normal condi- 
tions. It deteriorates because of moth and Lasioderma 
infestation. Asfar as the producers are concerned, cocoa may 
be said to be a “quasi-continuous inventory” product 
[6, pp. 76-78, 129-132]. 

2 Production forecasts for most perennial or tree-crops 
are inaccurate. Quantitative attempts at estimating the 
supply function for cocoa have not proved very successful 
[20, 1, 3]. 
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the beginning of a new season is reflected in 
nearby futures as well as in distant futures and . 
manifests itself in the low predictive reliability 
of the spot prices by the futures prices [25]. It 
may be hypothesized that the relatively poor 
performance of the cocoa futures market is 
probably due to the lower responsiveness of the 
inventories and lack of adequate information on 
supply and demand conditions, especially the 
degree of uncertainty surrounding supply fore- 
casts. 


Implications and Conclusions 


The above analysis has demonstrated the 
effects of different grouped variables other than 
inventories on forward pricing efficiency. The 
study seems to suggest a generalized version of 
Holbrook Working’s price of storage theory and 
Brennan’s supply of storage theory which at- 
tempt to explain intertemporal price spreads in 
terms of existing inventories alone [4, 26, 27]. 
Specifically, the supply of storage theory can be 
viewed as a partial theory of a generalized in- 
formation theory that takes into consideration 
the other variables which have been shown to 
contribute to pricing efficiency.“ This view is 
essential now because futures markets, which 
historically first emerged for annual crops that 
could be stored continuously, are now being or- 
ganized for non-inventory commodities, to help 
allocate resources optimally and stabilize prices 
and incomes, by establishing forward prices. 

In most developed countries proposals for 
stabilizing producer incomes have ranged from 
price support programs to efficient use of the 
futures markets by farmers or by official 
agencies trading futures contracts on behalf of 
farmers [18, 13]. Some economists accept the 
desirability or “goodness” of price and income 
stabilization [19, 5, 15]. As a consequence, a 
large body of literature on price and income 


_ B Holbrook Working, recognizing the predominant im- 
portance of the continuous inventory variable in account- 
ing for intertemporal price spreads, has remarked: “The 
results from all lines of investigation concur in indicating 
that prices quoted at one time, in a futures market, for two 
different dates of delivery, stand in a relation which in gen- 
eral does not reflect expectations regarding events that may 
occur between the two delivery dates. This conclusion 
holds whether the dates lie in separate ‘crop years,’ or 
in the same crop year” [27, p. 1255]. 

M“ The information theory approach was underscored in 
Robert Dorfman’s discussion of the efficiency of the “price 
system’’: “An enormous number of bits of information are 
compressed into a simple sign like ‘73¢/lb.’ posted above a 
display of meat or a line such as ‘Wheat, No, 2 and hard 
K.C. bu... 2.20? on the financial page” [9, p. 7]. 
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stabilization of primary products, especially in 
less developed countries, has been produced 
since World War II. However, most stabiliza- 
tion schemes interfere with the proper function- 
ing of futures markets. Yet the introduction of 
futures contracts as an aid in price determina- 
tion, in addition to the cash markets, adds 
positive dimensions in competition by enlarging 
the sphere of price making forces and providing 
insurance against risks by projecting market 
commitments months in advance of contract 
expiration dates. It is therefore surprising that 
very little empirical work has been done to 
analyze how well futures markets perform the 
important functions of guidance of inventory 
and establishment of forward prices and hence 
indirectly stabilizing price and incomes." 
Contrasting the performance of several fu- 
tures markets is an instructive and useful exer- 
cise. For example, by pinpointing the variables 


2 On the other hand, there is an impressive list of theo- 
retical work which has been done on the theory of forward 
markets. See, for example, “A Symposium on the Theory 
of Forward Markets,” which features articles by Kaldor, 
Dow, and Hawtrey [14]. Also see articles by Working, 
Cootner, Telser, and Gray presented at a recent symposium 
on “Price Effects of Speculation in Organized Commodity 
Markets” [29]. 
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that contribute to pricing efficiency and that 
are lacking in a particular market, policy in- 
struments to make the market more viable 
could be devised, e.g., design of better price 
stabilization schemes. Also, the effects of vari- 
ous price support programs can be analyzed. 
The effectiveness of use of market information 
can be quantified. 

This paper began with the widely held in- 
tuitive concept that there is a direct correlation 
between the price of a future at the time of its 
expiration and the price of that future several 
months prior to expiration. The study has 
demonstrated that futures markets perform 
their forward pricing function very well and 
that the correlation coefficient, the performance 
test statistic, measures well the degree to which 
the spot (cash) price is predictable months in 
advance for a particular commodity. The pres- 
ent model allowed an empirical view of the 
characteristic behavior of the life cycle of a 
futures contract. It showed that the predictive 
reliability of a futures market improves as more 
accurate information on supply and demand 
becomes available. Thus price formation in the 
market reflects expert appraisal of the signifi- 
cance of changing economic information in a 
world of uncertainty. 


References 


[1] Avy, Peter, ‘Trends in Cocoa Production,” Bull. 
Oxford Univ. Inst. Stat. 2:389-404, Dec. 1949. 

[2] Baxxen, Henry H., “The Factors Favoring a Fu- 
tures Contract for Live Hogs Outweigh Those Against 
it,” in Futures Trading in Livestock Origins and Con- 
cepts, ed. Henry H. Bakken, Madison, Wisconsin, 
Mimir Publishers, Inc., 1970. 

[3] BATEMAN, M. J., “Aggregate and Regional Supply for 
Ghanaian Cocoa,” J. Farm Econ. 47:384-401, May 
1965. 

[4] Brennan, M. J., “The Supply of Storage,” Amer. 
Econ. Rev. 48:50-72, March 1958. 

[5] CHanpier, W., AND A. McArtuor, “Efficient Equali- 
zation Funds for Farm Prices,” Am. J. Agr. Econ. 
50:91-110, Feb. 1968. 

[6] Cuatt, EnrEN M., Cocoa, New York, Interscience 
Publishers, Inc. 1953. 

[7] Commodity Yearbook 1969, New York, Commodity 
Research Bureau, Inc., 1969. 

[8] Coppock, J. D., International Economic Instability, 
New York, McGraw-Hill Book Company, Inc., 1962. 

[9] Dorratan, Rosertr, The Price System, Englewood 
Cliffs, Prentice Hall, Inc., 1964. 

[10] Gray, Roamer W., “The Characteristic Bias in Some 
Thin Futures Markets,” Food Res. Inst. Stud. 1:296- 
324, Nov. 1960. 

[11] Guwnetson, J. A., “A Study of the Impact of Organi- 
zational Changes in Agricultural Commodity Markets 
on Futures Markets,” unpublished thesis, Purdue 
University, 1970, quoted in Henry B. Arthur, Com- 


modily Futures as a Business Management Tool, Cam- 
bridge, Harvard University Press, 1971. 

[12] Herrner, R. G., “Temporal Relations Among Futures 
Prices: Comment,” Am. J. Agr. Econ, 53:361-362, 
May 1971. 

[13] HournarkKer, HENDRIK S., Economic Policy for 
Farm Sector, Washington, D. C., American Enterprise 
Institute, 1967. 

[14] Katpor, N., et al., “A Symposium on the Theory of 
Forward Markets,” Rev. Econ. Stud. 7:195-205, 
1939-40, 

[15] Kort, Terres A., “International Commodity Agree- 
ments and Export Earnings: Simulation of the 1968 
‘Draft International Cocoa Agreement,’ ” Food Res. 
Inst. Stud. 11:177-201, 1972. 

[i6] Lanys, W. C., anD C. W. J. GRANGER, Speculation, 
Hedging and Commodity Price Forecasts, Lexington 
Mass., D. C. Heath and Co., 1970. 

[17] Larson, Arnorp B., “Measurement of a Random 
Process in Futures Prices,” Food Res. Inst. Stud. 
1:313-324, Nov. 1960. 

[18] Lenser, G., “The Futures Market and Farm Pro- 
grams,” Canadian J. Agr. Econ. 16:21-30, June 1968. 

[19] MranE, J. E., “International Commodity Agree- 
ments,” Lloyds Bank Review, July 1964. _ 

[20] STERN, Ropert M., “The Determinants of Cocoa 
Supply in West Africa,” in African Primary Products 
and International Trade, eds. I. G. Stewart and H. D. 
Ord, Edinburgh, Edinburgh University Press, 1965. 

[21] Stevenson, Ricoarp A, AND Rospert M. BEAR, 


504 / Kori 

“Commodity Futures: Trends or Random Walks,” 

Jc eae 25:65-81, 1970. 

[22] Tomex, W. G., and R. W. Gray, “Temporal Rela- 
tionships Among Prices on Commodity Futures 
Markets: Their Allocative and Stabilizing Roles,” 
Am. J. Agr. Econ. 52:372-880, Aug. 1970. 

13] ———, “Temporal Relations Among Futures Prices: 
Reply,” Am. J. Agr. Econ, 53:363-366, May 1971. 

{24] Weymar, F. HermorT, “The Supply of Storage Re- 
visited,” Am. Econ. Rev. 56:1226-1234, Dec. 1966. 

[25] 





, The Dynamics padi the World Cocoa Market, 
Cambridge, M.I.T. Press, 1968. 


[283] ——. 


Am. J. Agr. Econ, 


[26] Workine, Horsroox, “Theory of the Inverse Carry- 
ing Charge in Futures Markets, n» J. Farm Econ. 30:1- 
- 28, Feb. 1948. 
, “The Theory of the Price of Storage,” Am. 
Econ. Rev. 39:1254-1262, Dec. 1949. 
“A Theory of Anticipatory Prices,” Am. 
Econ. Rev. 48:188-199, May 1958. 
, & al., “Proceedings of a Symposium on Price 
Effects of Speculation in Organized Commodity Mar- 
kets,” Food Res. Inst. Siud., Supplement to Vol. 7, 
1967. i 





[27] 


[29} 





Opportunity Cost of Time and Other Socioeconomic Effects on 
Away-From-Home Food Consumption * 


Frep J. Procmasga anp R. A. SCHRIMPER 


Viewing the household as both a producing and consuming unit suggests the opportunity cost 
of the homemaker’s time to be an important factor affecting food consumption. Opportunity cost 
of time is shown empirically to have a positive affect on away-from-home consumption for 
employed homemakers in all 12 region-urbanization classes studied. The same response is 
shown for unemployed homemakers in most classes. Furthermore, the estimated bias associated 
with income elasticities estimated without adjustment for the time input was significant in most 
cases. Estimated effects of income, family composition and size, and race on away-from-home 


food consumption are analyzed. 


HE growing affluence of American house- 

holds is often cited as an important factor 

increasing the demand for the variety of 
foods and services offered by eating-out estab- 
lishments. The trend in personal per capita 
away-from-home food and beverage expendi- 
tures over the last 20 ‘years has been substan- 
tially upward, especially during the mid- and 
later 1960’s. During this period, per capita ex- 
penditures increased from $83 in 1951 to $141 
in 1970.1 This trend appears to be consistent 
with estimates from the 1955 and 1965-66 
USDA Household Food Consumption Surveys 
[6]. After adjustment for price changes, how- 
ever, away-from-home expenditures per capita 
exhibit a slight decline over the two decades. In 
terms of market shares, there has been a rather 
sharp decline in the proportion of total personal 
food and beverage purchases adjusted to 1967 
prices being spent in the away-from-home mar- 
ket as illustrated in Figure 1.3 


* N. C. State University Agricultural Experiment Sta- 
tion Journal Series No. 4030. Helpful comments on an 
earlier draft of this manuscript were received from Bruce 
Gardner, T. W. Schultz, Gary Becker, and other members 
of the Applications of Economics Workshop at the Uni- 
versity of Chicago. 

1 These data represent the value (including taxes and 
tips) of food and beverages (including alcohol) purchased 
from retail, service, and amusement establishments, hotels, 
dining and buffet cars, schools, school fraternities, institu- 
tions, clubs, and industrial lunchrooms calculated by the 
Office of Business Economics in the U. S. Department of 
Commerce as reported in [10, 11]. Expense account ex- 
penditures and value of food furnished commercial and gov- 
ernment employees are excluded. A good discussion of 
alternative estimates of aggregate expenditures for food 
away from home is presented by LeBovit [6]. 

2 Essentially the same pattern was observed when ex- 
pense account expenditures obtained directly from the 





Frep J. Procuaska is assistant professor of food and 
resource economics at the University of Florida. R. A. 
Scorer ts associate professor of economics at North Caro- 
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Percent 





1951 1955 1960 1965 1970 
Year 
Figure 1. Away-from-home consumption as a percent 


of total personal food and beverage pur- 
chases, current and 1967 prices, 1951=1970* 


* The away-from-home shares of the market in terms of 
1967 prices were calculated by deflating away-from-home 
expenditures by the retail price index for food away from 
home (1967=100) and expenditures for home use by the 
retail price index for all food eaten at home (1967 == 100). 
The price index for away-from-home expenditures is not 
available for years prior to 1953. 


At first glance, the trend in market shares 
appears to be quite different from what one 
might expect based on generally assumed differ- 
ences in income elasticities of demand for food 
consumed at home relative to away from home. 
For example, estimates -by Hiemstra and 
Eklund [5] and Burk [3] suggest that the in- 
come elasticity of expenditures for food away 
Office of Business Economics, U. S. Department of Com- 
merce, were added to the numerator and denominator. The 


away-from-home share of total purchases increased, but 
the same pattern was observed over the 20-year period. 


595 


596 / PROCHASKA AND SCHRIMPER 

from home is considerably higher and perhaps 
twice the elasticity for at-home food consump- 
tion expenditures. Such differences in elas- 
ticities have generally been accepted as con- 
sistent with what is known about the income 
elasticity of demand for marketing services 
[12]. A higher income elasticity of demand for 
food away from home relative to at home, how- 
ever, suggests that the share of the total per- 
‘sonal food budget spent for food away from 
home would increase with increased income 
levels, celeris paribus. As noted above, espe- 
cially after adjusting for price changes, the 
away-from-home share has actually decreased 


over. the last twenty years. This apparent in-. 


consistency between market shares and income 
elasticity differences suggested that either spe- 
cification errors may have affected previous in- 
come elasticity estimates or there have been 
sufficient changes in other factors, including 
relative price changes, to have more than offset 
any differential income effects. 

In recent economic literature, increased at- 
tention has been given to the value of time as a 
determinant of household production and con- 
sumption behavior through the theoretical 
contributions of Becker [1] and others. Fur- 
thermore, Mincer [7] in several empirical ex- 
amples has shown that estimates of the income 
elasticity of demand for several commodities 
are biased when the opportunity cost of time is 
ignored. In view of these contributions to the 
theory of household behavior, it was decided to 
examine the effects of including a measure of 
the opportunity cost of homemaker’s time 
in a model explaining cross-sectional variation 
among households in away-from-home food 
consumption. This approach permitted esti- 
mates to be made of the possible specification 
bias in the effects of income that would have 
resulted had value of time been excluded from 
the model. The remaining parts of this paper 
include a model of demand for cross-sectional 
analysis of away-from-home food consumption, 
the estimates obtained from the 1965-66 USDA 
Household Food Consumption Survey, and the 
estimates of the specification bias associated 
with the income coefficients that would have 
occurred in the absence of opportunity cost of 
time being considered.* 


The Model 


The household production-consumption model 
consists of four principal components: a utility 


‘8 For a more complete description of the entire study, 
see Prochaska [8]. 
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function, a household production function, a 
time input constraint for the homemaker, and 
an income constraint. Using these four compo- 
nents along with specific assumptions concern- 
ing their form and omitting the subscript for 
households, the following demand function was 
specified :* 


Y, = Bo + Bid + wT) + Ba(Piai + hw) 


(1) 
+ B3(P1d3 + tw) 


where 
Y,= the number of meals purchased and 
consumed away from home per unit 
of time (week), 

I+wT =the full income of the household per 
unit of time; J represents all income 
accruing to the household other 
than wage income of the home- 
maker; wT represents the home- 
maker’s total time, T (time spent 
in the labor force plus the time 
spent in producing consumption 
goods), valued at the market wage 
rate, w, 

Pya+hw=sum of the market price (Pia) and 
the nonmarket price (hw) of Yı, 
where Pı is a vector of prices of mar- 
ket inputs used to produce Vi, a: is 
a vector of input coefficients used in 
the production of Yı, and 4 is a vec- 
tor of time inputs coefficients used 
in the production of Fr, l 

re of the market price (P343) and 
the nonmarket price (4w) for the 
alternative meal consumed at home 
(Ys), a3 and ¢ are vectors of input 
and time coefficients, respectively. 


The demand function (1) may be expressed 
in terms of observable money income of the 
household by considering the time input con- 
straint which is written as 


D TaTetTe=Tet OT; 
fmi 


where T represents total time available, Tw 
represents time spent in the labor market earn- 
ing money income, and T', represents total time 
spent in production of consumption goods, 
1, - - -, n. For purposes of this study, the time 
input constraint is assumed to represent the 


4 For a complete development of equation (1), see [8] 
and [1]. 
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time of the homemaker or wife.5 Division of her 
total time is general and is not meant to assume 
that all time is spent actively at work in the 
labor force and/or in the home producing goods 
and services as these are normally viewed. 
Leisure, recreation, and other activities enter 
into T. and are also considered as economic 
goods. Substituting equation (2) for T in equa- 
tion (1) and collecting terms results in the fol- 
lowing expression containing observable money 
income of the household: 


Yı = Bo + BiM + BP) 
+ Bs(Psd2) + Baw 


where M=(I-+wT7,,) and By (B,T,+Batit+-Byh). 

An analysis of the elements comprising B4 
suggests there is reason to suspect that this co- 
efficient might be different for homemakers em- 
ployed outside the home compared to those 
who were not employed outside the home (here- 
after referred to as unemployed homemakers). 
This is largely because the values of T, would 
be expected to differ between these two groups 
of homemakers considering the nature of equa- 
tion (2) and assuming all homemakers have the 
same amount of total time available to allocate 
either to the production of household goods or 
spend in the labor market. For this reason, the 
model was specified to permit a differential 
effect for B, depending on whether or not the 
homemaker was employed outside the home. 
As customary for normal cross-sectional anal- 
ysis, it wag assumed that all households face 
the same level of market prices for goods and 
services (constant Pı and P, among house- 
holds). It was further assumed that the input 
coefficients (a; and a) did not significantly vary 
among households, meaning that the B: and B, 
effects would be confounded with Bo. Finally, 


(3) 


š Although other individuals in the household may assist 
in meal preparation, the assumption that T represents only 
the homemaker’s time does not appear to be too unrealistic. 
A study by K. E. Walker [13] of households in the city 
and suburbs of Syracuse, New York, reported that over 70 
percent of the total time spent on household activities was 
the homemaker’s time. In addition, the homemaker con- 
tributed 68 to 85 percent of the total time spent on food- 
related activities. Amount of time spent on household activ- 
ities was found to be inversely related to the number of 
hours the homemaker spent in the labor force. 

$ Conceptually, there might be several gradations in B4 
related to varying intensities of working outside the home. 
A dichotomy in these effects is corisistent, however, with 
| the data used for subsequent estimation which reported 
Jabor force participation only for those homemakers em- 
ployed 35 or more hours per week for pay outside the home. 
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composition, size, and racial characteristics 
were added as additional explanatory variables 
to reflect possible sources of variation in away- 
from-home eating among households. The cul- 
mination of these considerations and addition of 
an error term resulted in the following model 
for estimation: 


Yı = Bo + BM + Baw + BawE 
PBC: BC BaC) 
+ BuP:+ BaP: + BesPs + BoP 
4 BF + BO + BN +e 


where Bo’ = Bot BoPia,+B3P202; E=0 if home- 
maker is employed and 1 if unemployed; Ci, Cs, 
and C, are 0-1 variables for 1, 2, and 3 or more 
preschool-age children, respectively; Pi, Ps, Ps, 
and P, are 0-1 variables for 1, 2, 3, and 4 or 
more school-age children, respectively; F repre- 
sents the total number of individuals in the 
household; O and N are two 0-1 variables used 
to represent households classified in the two 
racial categories of “other” and Negro (where 
O and N equal zero if the household is white); 
and eis an error term assumed to satisfy all the 
necessary conditions to produce BLUE esti- 
mates. 


(4) 


Data 


For purposes of obtaining estimates of the 
parameters in the above model for away-from- 
home food consumption, individual household 
information collected in the Spring portion of 
1965-66 USDA Household Food Consumption 
Survey was used. Insofar as dependent vari- 
ables were concerned, the survey indicated the 
number of meals the household reported pur- 
chasing away from home during the survey 
week as well as the total expenditures related to 
these meals. Reported expenditures on meals 
away from home included tips and taxes. These 
were the two major dependent variables used 
throughout the analysis although additional 
analyses were undertaken using the number of 
noon meals purchased as well as total expendi- 
tures on food away from home including the 
value of snacks. Since the original sample for 
this survey was selected to enable the data to be 
classified by regions and urbanizations, these 
geographical and place of residence distinctions 
were maintained throughout this study. Sepa- 
rate sets of parameters were estimated for each 
of the three urbanization classifications within 
each of the four basic regions of the United 
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States.” Since a major thrust of this investiga- 
tion concerned the opportunity value of home- 
maker’s time, observations were deleted in cases 
where the household was identified as contain- 
ing no homemaker. Observations were also 
deleted if certain key pieces of information con- 
cerning household’s income, race, and home- 
maker characteristics were missing. Households 

_ Without homemakers and missing information 
resulted in 675 of the original 7,532 observa- 
tions being omitted from the analysis. Since an 
alternative market wage rate was used to com- 
pute a value of time for each homemaker as 
explained below, the sample was further re- 
stricted to those households with homemakers 
less than 65 years of age. This factor led to the 
deletion of an additional 938 observations re- 
sulting in 5,919 total observations being used in 
the final estimation. 

Information was available from the survey to 
calculate readily the values for all independent 
variables in equation (4) except for the wage 
rate. Wage rates were not available for home- 
makers in the survey data and therefore had to 
be estimated exogenously.® Estimates of the 
alternative net market wage rates ranged from 
$.07 to $2.80 per hour for the homemakers in 
this sample. 


Results 


The multiple regression results of estimating 
the coefficients in equation (4) with the depen- 


7 Precise definitions of the urbanization classifications 
and geographical delineations are provided by USDA [9]. 

8 Mid-points of income intervals were used in calculating 
values for the income variable, and values for the two ex- 
treme income classes were obtained in private communica- 
tions with the Economic and Statistical Analysis Division 
of the Economic Research Service, USDA. 

9 The estimated parameters and the associated estimates 
of standard errors (in parentheses) are: 


w = —2.2534 — .0697S + .0104S? + .1760A — .0023A? 
(.0905) (.0037)  (.0335)  (.0004) 


where S and 4 represent years of schooling and age, respec- 
tively. Parameters relating wage rates for females to levels 
of education and age were estimated from a weighted cross- 
sectional regression analysis of wage rates per hour for 
female workers in 310 occupational classifications reported 
in the 1960 Census. The intercept of this relationship was 
adjusted to predict accurately the average wage rate for 
the female labor force in 1965. These coefficients were then 
used to predict a market alternative wage rate based on 
reported age and schooling level for each of the homemakers 
in the 5,919 households. A proportional adjustment was 
applied to the predicted wage rates to reflect the effects of 
income taxes, before using the values for estimation of 
parameters in equation (4). 
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dent variable being the weekly total number of 
meals purchased away from home are presented 
in Table 1 for the 12 region-urbanization group- 
ings. The explanatory power as indicated by 
the R? value adjusted for sample size was be- 
tween 17 to 28 percent for most of the groups. 
The one case in which a considerably higher 
adjusted R? resulted was for the group with the 
fewest number of observations. Each of these 
groups had from 48 to 67 percent of households 
reporting one or more meals eaten away from 
the home. 

About the same degree of overall explanation 
occurred in the case of analyzing the number of 
noon meals eaten away from home, and slightly 
lower degrees of explanation occurred in the 
cases where expenditures were used as depen- 
dent variables. Examination of the residuals sug- 
gested that the model fitted equally well at all 
values of income and wage rates and further- 
more indicated no reason to reject any of the 
classical assumptions about the error terms. 
Table 1 indicates a number of coefficients were 
relatively large compared to their standard er- 
rors. There was little difference in the relation- 
ship between the size of the coefficients and the 
standard errors among the four different forms 
of the dependent variables studied, even though 
some differences in magnitude of coefficients 
were observed. Important differences will be 
noted below although the full set of results will 
be presented for only the dependent variable 
representing total meals eaten away from home. 
Particular emphasis will be given to discussing 
the coefficients of the income and wage rate 
variables, consistent with the main interests of 
the analysis. 


Income effects 


All of the coefficients of the income variable 
in Table 1 are positive, consistent with families 
with higher incomes eating more meals away 
from home than families with low incomes. In 
all cases, the partial effects of income differ- 
ences were significantly larger than the respec- 
tive standard errors for the urban households, 
but not in the case of the farm households. An 
even more consistent pattern in differences of 
the income effects between urban and rural 
households was observed when expenditures for 


‘all meals were used as the dependent variable. 


This can be observed from the elasticity esti- 
mates presented in Table 2 which indicate that 
for each of the four regions, expenditure elas- 
ticities are highest for urban households and 
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Table 2. Quantity and expenditure income 
elasticities for meals consumed 
away from home, by urbanizations 
within regions* 

Urbanization 
Region erin 
Urban Rural nonfarm Farm 
Northeast 
Quantity „61 - . 22 .20 
diture 19” -61 51 
N Central 
Quantity .58 .49 .10 
Expenditure 1.16 -99 .26 
South i 
Quantity -26 -37 .10 
Expenditure .81 .78 48 
West 
tity | .40 .29 .09 
diture 84 -80 31 





* Elasticities are computed at the mean values for re- 
spective variables. 


lowest for rural households. The expenditure 


elasticities in Table 2 are generally less than. 


Hiemstra and Eklund’s [5] estimate of .84 for 
the aggregate United States. The rural nonfarm 
and farm estimates in Table 2 tend to be lower 
than Hiemstra and Eklund’s for these, two 
groups, but the opposite is true in the case of 
the urban group. 

A comparison of the quantity and expendi- 
ture elasticities for a given region-urbanization 
category in Table 2 indicates that higher income 
households tend to purchase more “quality” 
and “services” or at least higher priced meals. 
In every case, the expenditure elasticity is 
larger than the corresponding quantity elastic- 
ity with the difference being smallest nearly 
always in the case of the farm households. Fur- 
thermore, the differences imply that the quality 
elasticity is larger than the quantity elasticity 
in all but one or two cases. 

The quantity-income elasticities for noon 
meals were generally 30 to 60 percent smaller 
than the corresponding coefficients for the 
quantities of all meals reported in Table 2 im- 
plying quite high elasticities for evening and/ 
or morning meals. The latter were not estimated 
in this study because of the large proportion of 
nonpurchasing households in the sample. An 
analysis of the income coefficients when the 
dependent variable was total expenditures for 
just meals compared to the results when ex- 
penditures included the cost of snacks as well 
as meals indicated that in 10 of the 12 cases, the 
imputed income elasticity for snacks was less 
than .38. 
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Opportunity cost of time 


Households in which employed homemakers 
have a high opportunity cost of time tend. to 
consume more meals away from home than 
households with homemakers whose opportu- 
nity cost of time is low. This is indicated by the 
positiveness and size of By relative to the 
standard errors in Table 1. The effects of in- 
creases in the opportunity cost of time of home- 
makers who were not employed outside the 
home were also generally positive, but consider- 
ably smaller than for employed homemakers. 
The estimated effects for households with un- 
employed homemakers are obtained by adding 
the estimate of By and Bas for a given region 
and urbanization consistent with the way this 
differential effect was specified in equation (4). 
In nine of the 12 cases, a positive response for 
unemployed homemakers was indicated, and 
coefficients quite close to zero occurred in two 
of the other three cases.!° Most of the coeffi- 
cients representing the effects for employed 
homemakers indicate approximately 1.5 to 3 
more meals eaten away from home per week by 
households with homemakers whose value of 
time is $1.00 per hour higher. On the other 
hand, the same difference in value of time 
among unemployed homemakers is associated 
with around .5 to 1.5 extra meals per week 
away from home for most of the cases where 
positive responses were present, 

Another way the difference in effects of op- 
portunity cost of time between employed and 
unemployed homemakers is observable is in 
terms of value-of-time elasticities reported in 
Table 3. These coefficients represent the per- 
centage change in the number (or expendi- 
tures) of meals eaten away from home associ- 
ated with a 1 percent increase in the value of 
homemaker’s time, ceteris paribus." In nearly 
every case the coefficients for the unemployed 
homemakers are less than the corresponding 
coefficients for the employed homemakers. The 
value-of-time elasticities generally are larger 


10 There is an implied assumption throughout this dis- 
cussion that the employment status of the homemaker is 
not altered. If an increase in the value of homemaker’s 
time encourages more homemakers to become employed, 
then the effect on away-from-home consumption would be 
greater than the response for either group. 

These elasticities cannot be interpreted in terms of 
what would happen if the opportunity cost of homemaker’s 
time increased as a result of changes in the general wage 
level. If wage rates increase, prices of away-from-home 
meals and food products for at-home consumption are 
likely to change, affecting consumption behavior. 
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than income elasticities for farm households but 
smaller in the case of urban and rural nonfarm 
households except in the West. Another charac- 
teristic of the value-of-time elasticities is that in 
only about 50 percent of the cases was the ex- 
penditure elasticity larger than the correspond- 
ing quantity elasticity. Except in the West, 
farm households were the most consistent in 
terms of purchasing additional quality and/or 
services with increasing value of homemaker’s 
time. The sharp contrast in the relationship of 
the quality-quantity elasticities in the case of 
income and value of time is consistent with 
theoretical results reported in [2]. 


Family composition, size, and racial effects 


Other coefficients in Table 1 represent the 
estimated effects associated with differences in 
family composition, size, and racial character- 
istics. By holding family size constant, the co- 
efficients of the variables representing the num- 
ber of preschool and school age children indicate 
the estimated effects of differences in family 
composition. The predominance of the negative 
coefficients for the preschool age children vari- 
ables means that the presence of preschool age 
children instead of adults tends to reduce the 
number of meals eaten away from home. The 
composition effect of pre-school age children is 
generally larger than the effect of an increase in 
family size suggesting that the addition of a 
preschool age child to a household might ac- 
tually reduce the total number of meals eaten 
away from home. On the other hand, the com- 
position effect of school age children (6-18 years 
of age) is not so clear in terms of the mixture of 
positive and negative coefficients. Some of the 
differences between effects of preschool and 
school age children may be the results of school 
lunch programs, differences in the need for 
baby sitting services, and older children in the 
school age group possibly participating in ac- 
tivities leading them to eat away from home. 
Effects of the school lunch program appeared to 
be particularly evident in the analysis of noon 
meals where more than 80 percent of the coef- 
cients for the presence of school age children 
were positive. Estimates of B; suggest that es- 
pecially among urban households an extra adult 
(18 or more years old) in the household would 
be responsible for around 1.5 to 2.0 extra meals 
away from home per week. As the number of 
family members of this age increase in a given 
household, there is likely to be additional eating 
away from home because of employment or 
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Table 3. Quantity and expenditure value-of- 
time elasticities for meals con- 
sumed away from home by urbani- 
zations within regions for house~ 
holds with employed and unem- 





ployed homemakers* 
Households with homemakers 
resin and: Employed Unemployed 
’ Quantity Expenditure Quantity Expenditure - 
Northeast 
Urban 30 36 15 32 
Rural nonfarm 04 —.@ ~ 54 —.64 
43 .80 ~.OL 84 
North Central g 
37 18 -30 -10 
Rural nonfarm 05 il —.17 
Farm 56 71 26 52 
South 
Urban .50 uM 621 16 
Rural nonfarm 35 25 „01 
Farm .32 45 .23 31 
West 
U 48 59 -30 68 
Rural nonfarm 1.04 99 1.02 21 
«12 42 43 20 





® Elasticities are computed at the mean values for respective variables 


social activities. In addition, the meals of ‘col- 
lege students living away from home were re- 
corded as away-from-home consumption for 
purposes of this survey. 

The racial variables indicated that Negro and 
“other” households generally tended to con- 
sume fewer meals away from home than white 
households in the South and West, but slightly 
more in the Northeast and North Central.” The 
negative coefficients may reflect the effects of 
differences in tastes and preferences, previous 
discrimination by eating-out establishments, or 
occupational differences. 


Analysis of Specification Bias Effects 


To consider further the effects of including 
the opportunity cost of time on the income co- 
efficients for away-from-home consumption, 
estimates were made of the specification bias 
that would have resulted if the opportunity cost 
of time had not been considered. These esti- 
mates were computed assuming the only differ- 
ences between the true model and the misspeci- 
fied model are the two variables involving wage 
rate of the homemaker. The expected value of 
the income coefficient in the misspecified model 
can be shown to equal B}+D,Ba+G,Ba: in 
which D, represents the coefficient of the income 
variable in the linear relationship between w 
and all the other independent variables in the 


33In certain region-urbanization categories, there was 
not a sufficient number of households of particular races to 
justify estimating separate racial effects. 
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Table 4. Estimated specification bias associated with income coefficients if opportunity cost of 
homemaker’s time excluded for different measures of food away from home by 








urbanizations within regions* 
Dependent variables 
Region and . Expenditures Expenditures on 
urbanization Aggregate meals Noon meals on meals meals and snacks 
Amount? Percent? Amount’ Percent? Amount’ Percent? Amount? Percent? 

Northeast 

Urban .0612*** 12 .0554* 16 0843" 12 .O976*** 13 

Rural nonfarm — 0431 —25 — .0300 —36 — .0449 —12 — 0338 —9 

Farm .0487 27 .0329 50. .0676* 22 .0654* 13 
North Central 

Urban 04481 10 .0281** ii .0179 2 0155 2 

Rural nonfarm 0171 4 -0106 4 0126 2 .0602"** 10 
P mn .0469%* 44 .0259* 471 0441*** 28 0472" 24 

ou i 

Urban .0870%** 31 0630*** 38 .0458%* 7 .0496** 7 

Rural nonfarm 0641 16 46 .0345 6 0442 7 
rae .0601** 51 0355* 88 0476". 16 .0554* 13 

est : 

Urban 0749*** 24 .0632** 39 .1210"* 18 1307" 18 

Rural nonfarm 2288*** 96 .1856°* 2274 .1265** 26 .1595** 31 

Farm —.0104 —16 — .0083 —361 — .0030 —2 .0031 4 





a Confidence levels of .90, .95, and .99 are noted by *, **, and ***, respectively. 
b Amount refers to the number of meals or expenditure per week by households for a $1,000 change in family income 


(after taxes). 


° Percent refers to the amount of bias relative to the unbiased estimates of the income coefficients. 
4 This reflects the relative change based on absolute value of the unbiased elasticity. 


misspecified model. Similarly, Gy represents the - 


coefficient of the income variable in the linear 
relationship of the other variable involving the 
opportunity cost of homemaker time (wE) on 
the remaining independent variables in the mis- 
specified relationship." The amount of bias as- 
sociated with coefficients of the income variable 
was calculated based on the estimates of Ba and 
Ba presented in Table 1 along with partial re- 
gression coefficient estimates of Dı and G; ob- 
tained from linear relationships of the particular 
opportunity cost of time variables on the other 
independent variables.“ 

The results of estimating these biases in the 
income coefficients are shown in Table 4 for 
each.of the four dependent variables used in 
this study. The estimates indicate that the 
biases are consistently positive implying that 
substantially higher, and in many cases signifi- 


4% This development closely parallels the discussion in 
Goldberger [4, pp. 194-197]. 

“ Estimating the bias in this way is equivalent to calcu- 
lating the differences in estimates of the income coefficients 
for regressions in which the variables involving the home- 
maker’s opportunity cost of time are included and ex- 
cluded. The advantage of the former approach, however, is 
that it leads more directly to estimating the variance of 
the bias for purposes of statistically testing the null hy- 
pothesis about the degree of bias. 


cantly higher, coefficients of the income variable 
would have been obtained if opportunity cost of 
time had not been included as an explanatory 
factor. The biases are larger in absolute value 
for the urban household but larger in percentage 
terms for the farm households because of the 
smaller size of the income coefficients for the 
latter group. In nearly 90 percent of the cases, 
the relative bias was greater than 10 percent. 


Conclusions 


The results of this study suggest that varia- 
tion in prices associated with value of home- 
maker’s time are an important variable in cross- 
sectional analysis of food consumption, especial- 
ly if unbiased estimates of the effects of other 
variables are desired. This also implies that 
additional effort ought to be made in future 
surveys to consider ways to measure more di- 
rectly the value of homemaker’s time to avoid 
having to use an indirect procedure to impute 
values as was the case in this study. 

Inclusion of the opportunity cost of time re- 
sulted in lower estimates of income elasticity 
for away-from-home eating than what would 
have been obtained in its absence. Even though 
it is often not appropriate to use cross-sectional 
estimates for time series inferences, it appears 


November 1973 


evident that the magnitude of the reduction 
does not help very much to explain the trends 
in market shares during the last two decades. 
Therefore, changes in other factors must have 
been sufficient to offset any differential income 
effects. 

A much broader framework than the indi- 
vidual household model used in the above cross- 
sectional analysis seems to be required to under- 
stand all the factors affecting away-from-home 
food consumption over time. For example, 
little is known about the cross price elasticities 
of eating at home and away from home. Never- 
theless, the fact that away-from-home prices 
have been increasing nearly twice as fast as 
prices for all food eaten at home since 1953 cer- 


3 Two additional qualifications need to be considered in 
making any generalization about the entire U. S. popula- 
tion based on this study insofar as eating away from home 
is concerned: (1) the exclusion from the original USDA 
sample of all households in which no members ate 10 or 
more meals at home during the survey week, and (2) the 
criteria that were employed in further deleting particular 
households to permit special attention to be given to the 
effects of the opportunity cost of time as described earlier. 


Away-From-Home Foop CONSUMPTION / 


603 


tainly would be expected to have had a signifi- 
cant influence on relative market shares over 
time. This also suggests the significant influence 
differential rates of technical change and elas- 
ticities of substitution between labor and capi- 
tal in different segments of the food production 
and marketing system could have on away- 
from-home food consumption over time. In- 
creased availability of convenience foods and 
additional mechanical labor-saving kitchen `’ 
equipment might have important effects in re- 
ducing the required amount of homemaker’s 
time in meal preparation, thereby reducing the 
opportunity cost component of the full price of 
eating at home. Changes in technology and dif- 
ferential elasticities of substitution appear to be 
extremely relevant in considering the impact of 
rising wage rates on away-from-home food con- 
sumption over time. These factors underlie 
possible differential effects on the market price 
component as well as the opportunity cost com- 
ponent of the full price of alternative food com- 
modities the household can select to produce 
and consume. 
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Short Articles and Notes 


Undergraduate Program Revision at Kansas State University* 


Jons Sjo, Frank ORAZEM, AND ARLO BIERE 


This article reports the Kansas State experience in extensive revision of its undergraduate 
educational program. Revision was based on student, faculty, alumni, and employer participa- 
tion. The new curriculum gives new emphasis to behavioral sciences and analytical techniques 
which better prepare students for agribusiness jobs. 


ANSAS State University has made a com- 
prehensive revision of its undergraduate 
agricultural economics program, as have 

other universities. It was found that much of 
today’s educational experience prepared stu- 
dents inadequately for life or employment. 
Rapid technological and cultural changes are 
bringing a future that requires new approaches 
to education [2, 6]. Although most faculty and 
administrators have the best intentions, their 
revisions of educational programs often have 
been stunted by budgetary constraints, indi- 
vidual resistance to change, and the morass of 
academic politics. This article reports the pro- 
cedures and results of one experience in educa- 
tional revision. 

At Kansas State University, curriculum re- 
vision, accomplished piece-meal, resulted in a 
well intended but largely obsolete agricultural 
-economics major in the curriculum of agricul- 
ture. Because agricultural economics students 
are the only social science oriented students in 
the College of Agriculture, they have been re- 
quired to conform to a college curriculum ori- 
ented to students in the applied biological and 
physical sciences. The unique scholastic base of 
agricultural economics was recognized over the 
years in piece-by-piece concessions and foot- 
notes to the curriculum. 


To consolidate the gains from and to replace ` 


the piecemeal process of curriculum revision, 
the Department of Agricultural Economics be- 
gan in 1970 a one-year undergraduate program 
review that involved faculty, students, admin- 


* Contribution No. 520, Department of Agricultural Eco- 
nomics, Kansas Agricultural Experiment Station, Kansas 
State University. The authors are indebted to C. V. Hess 
for his review of the article, to all department colleagues 
and students who participated in the curriculum review 
process that made this paper possible, and to Don Epp and 
other Journal reviewers for their helpful comments. 


JOHN SJO AND Frank ORAZEM are professors and ARLO 
Brere is associate professor of agricultural economics at 
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istrators, employers, and alumni. The review 
resulted in a new curriculum and a revision of 
course offerings with several traditional courses 
in agricultural economics dropped. The new 
curriculum increased requirements in social 
sciences, business administration, quantitative 
methods, and communications, and reduced 
requirements in physical and biological sci- 
ences. Course revision reduced duplication 
among courses, introduced new subject matter, 
deleted obsolete subject matter, provided the- 
oretical courses earlier in the program, intro- 
duced courses specifically for nonmajors, and 
increased the number of analytical upper divi- 
sion courses. Course revision was made within 
the constraint there would be no increase in 
total major courses offered; any new major 
course was offset by dropping one. This re- 
straint did not apply to the two new general 
education courses—Economics of Population, 
Food, and Environment and Rural Poverty. 


The Revision Process 


The authors were appointed to a special re- 
view committee responsible for conducting an 
undergraduate program review and proposing 
curriculum and course revisions. The commit- 
tee’s first step in evaluating the existing pro- 
gram was to determine groups which should be 
involved in such an evaluation. Figure 1 identi- 
fies groups with a vital interest in the program: 
the faculty and university administrators, stu- 
dents (including alumni), employers, and soci- 
ety as represented by the board of regents, the 
legislature, and the press. Traditionally, cur- 
riculum development has been the responsibil- 
ity of the faculty and university administrators. 
This review was an attempt to break that tradi- 
tion because a successful curriculum must be 
sensitive to all those with identified interests. 
The information-gathering phase sought to 
identify the concerns of each group and to 
determine the extent of commonality of their 
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interests (represented by subspace A in Fig. 1). 
To receive support from all groups, a curriculum 
ought to include but not be confined to A. It 
was anticipated by the committee that includ- 
ing inputs from all interested groups would 
produce a curriculum that would more nearly 
meet the tests of those interested in under- 
graduate agricultural economics education. By 
including all four groups in the revision process, 
not only is the curriculum different, but also 
there is a new and broader prospective for all 
the interested parties, as shown by an expanded 
area A in Figure 1. 

Student input came from recorded informa- 
tion from personal interviews with all graduat- 
ing seniors over several years, a comprehensive 
alumni survey, and a special student review 
committee whose members frequently joined 
the faculty committee as it prepared its findings 
and recommendations. Employer views came 
informally from personal contacts by faculty 
among employers who hire Kansas State Uni- 
versity graduates. Society’s interests were 
identified from subjective evaluations, based on 
sublic statements of legislators, regents, and 
citizens as reported in the press, of current 
social and economic trends. Faculty input from 
other departments was through conferences 
with representatives from other departments, 
particularly those using agricultural economics 
‘or service courses. 

From the evaluation by the above listed four 
sroups, the committee developed a set of edu- 
rational objectives to guide development of 
rogram revisions. Suggested revisions are in- 
‘ended to fulfill the educational objectives de- 
ined. A report on the evaluation findings, edu- 
cational objectives, and suggested revisions was 
yrepared for students and faculty. A two-day 
lepartmental seminar provided faculty and 
student representatives an opportunity to re- 
view and react to the committee’s report. The 
‘eview committee then prepared a report that 
ncorporated the seminar input and presented 
t to the departmental faculty, which approved 
t with minor changes, The proposed new cur- 
‘iculum and course revisions were unanimously 
ipproved by the college faculty and were subse- 
yuently approved by the University Faculty 
jenate and the Board of Regents, effective 
March 1, 1972. 


Review Findings 


During its deliberations the committee iden- 
ified several major developments not specifi- 
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Curriculum development model identifying 
groups affected by. and involved in course 
and curriculum revision 


Figure 1. 


cally mentioned by the groups surveyed. Many 
students now entering college have completed 
accelerated primary and secondary educational 
programs. University educational programs 
must be structured to challenge and stimulate 
such students. One approach is to encourage 
wider use of credit by examination as provided 
by College Level Examination Program (CLEP) 
to avoid requiring students to cover material 
they already have mastered. Eventually, many 
well prepared students may be able to complete 
the baccalaureate degree in three years [1]. 

A portion of the youth entering the univer- 
sity, however, will be from economically dis- 
advantaged groups whose secondary school 
preparation precludes their competing with 
those from accelerated programs and who have 
quite a different set of expectations concerning 
education. Developing educational experiences 
responsive to the needs of both groups is a 
challenge of the 1970s. Although many will 
seek education outside the College of Agricul- 
ture, their rural background undoubtedly will 
cause some to enroll in agriculture. As the only 
social science department in the college, agricul- 
tural economics should accept a heavy responsi- 
bility for the education of the rural disad- 
vantaged. 

Structural changes in higher education begun 
in the 1960’s will continue in the 1970’s. Com- 
mon education will be extended beyond second- 
ary education, and two-year community col- 
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leges will be the primary vehicle for many. 
Universities can expect a higher percentage of 
new students to have completed two years in a 
community college. Adjustments are needed in 
courses and curricula to help those students 
reach their potential. 

Universal higher education will increase the 
total cost of education. It will necessitate de- 
veloping more economical instructional tech- 
` niques while maintaining quality instruction. 
Ever increasing numbers of students and pres- 
sure to lower per student costs will result in 
further mass treatment of students unless new 
ways to treat each student as a significant indi- 
vidual are found. 

The land grant concept of combining re- 
search, extension, and instruction in academic 
departments has been basic to agricultural edu- 
cation. When conceived and initiated, research 
emphasis was on developing improved produc- 
- tion techniques and was closely related to what 
was offered in undergraduate instruction pro- 
grams. Under such conditions there was a wide 
range of complementarity between undergradu- 
ate teaching and research. Gradually, as re- 
search became narrower, more complex, and 
more sophisticated, the complementarity be- 
tween it and undergraduate instruction de- 
clined. Today it may have only an indirect 
beneficial effect of “keeping up to date.” Under- 
graduate instruction may complement research 
even less. There also appears to be little comple- 
mentarity between undergraduate instruction 
and extension. 

The faculty, students, and employers agreed 
that present program flexibility allowing stu- 
dents some latitude on nearly one half their 
course requirements should be retained. Em- 
ployers, alumni, and faculty stressed increasing 
communications skills, Employers expressed in- 
terest in a combination of farm-reared experi- 
ence and education in technical agriculture, 
business, and economics with emphasis on 
understanding the national economy. Dobson 
and Matthes reported similar findings [4]. 

Employment opportunities for agricultural 
economics graduates are mainly in agribusiness 
and agriculture-related government agencies. 
Opportunities in farm production continue to 
decline. Graduates increasingly compete with 
liberal arts and business administration gradu- 
ates. Consequently, their needs for management 
and agribusiness instruction have increased. 
Students called for a sharper distinction be- 
tween agricultural economics and the technical 
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agriculture curriculum. Department faculty 
supported this position and requested that agri- 
cultural economics have a curriculum separate 
from the curriculum of agriculture. 

Faculty and students agreed that the repeti- 
tion of subject matter among courses should be 
reduced and that new subject matter such as 
agricultural law and macro-economic topics 
should be added. Students said courses should 
be more practical and more devoted to problem 
solving. The faculty felt the problem solving 
capabilities of the majors could be improved by 
moving more theoretical courses from the senior 
to the junior year so seniors could apply theory 
to actual problems in the senior year. 

Responding to comments of faculty in other 
departments, the agricultural economics faculty 
agreed that more courses should be introduced 
as a service to nonmajors. Faculty favored con- 
tinuing the strong advising program that treats 
each student as a worthy individual, identifies 
his interest and abilities, and assists him in 
achieving his goals. Faculty members were con- 
cerned about the impact of increasing class size 
on quality of instruction, and noted a need for 
improved instructional, student study, and 
computational facilities. Finally, the faculty 
recognized that they design and implement 
curriculum and courses according to their ex- 
periences. The result is that undergraduate 
instruction often is best suited for those plan- 
ning to enroll in graduate studies, whereas its 
chief recipients are the terminal B.S. graduates. 


Educational Objectives 


Educational objectives that guided the final 
revision of curriculum and courses are sum- 
marized here. The fundamental objective of an 
educational program is to bring about a change 
in the individual student with regard to facts 
he knows and understands, skills and tech- 
niques he can use, judgment and ability to make 
decisions, concepts of what ought to be, and a 
style of life. -Since differences in interests, abil- 
ities, and previous experiences among students 
are so great, highest levels of learning can occur 
best if the university educational experience is 
designed so each individual is enabled to de- 
velop his full potential [3]. 

To assume that each student has the oppor- 
tunity and stimulation to prepare for a profes- 
sion and an enriched personal life, any curricu- 
lum should: 


(1) Provide the basis for a general educa- 
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tional experience that encourages the 
student: 


(a) To develop an understanding and an 
appreciation of his environment 
through study of the sciences—physi- 
cal, biological, behavioral—and the 
humanities. 

(b) To develop an understanding of how 
values and value systems develop 
and change. 

(c) To develop a desire for, and skills to, 
pursue individual independent study. 

(d) To develop analytical] skills through 
study of mathematics, logic, and re- 
search methods. 

(e) To develop communication skills by 
studying and practicing writing and 
speaking. 

(2) Provide the basis for professional train- 
ing that encourages the student: 


(a) To develop a desire and ambition to 
excel in his profession and to under- 
stand the requirements and rewards 
expected in the profession. 

To develop competence as an agri- 
cultural economist able to identify 
economic problems, to analyze rele- 
vant information, and to propose 
solutions for economic and social 
problems. 

To develop analytical skills that will 
be useful for a professional lifetime. 
(Each student must be provided 
with a basis for his top professional 
performance two or three decades 
after graduation.) 


(b) 


(c) 


The interests of the agricultural economist 
have sprung, not from a single branch, but from 
two branches of knowledge, the bio-physical 
sciences underlying agricultural production and 
the socioeconomic sciences underlying economic 
organization of agriculture [7]. One problem a 
curriculum in agricultural economics must deal 
with is alloting course credits between those 
two branches of knowledge. The balance needed 
will vary from student to student, so the cur- 
riculum’s rigidity should be minimal to assure 
flexibility and opportunities for individual stu- 
dent programs of study that give different 
weights to the two branches. 

Few matriculating students have identified 
their career alternatives. Many use their first 
semesters for career analysis. Therefore, spe- 
cialization that reduces student mobility among 
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departments should be delayed as long as possi-- 
ble. Such delay becomes even more necessary as 
more students receive their first two years of 
higher education at community colleges. The 
first, and even second year, should provide op- 
portunities for a student to explore alternative 
curricula or programs of study. The faculty 
should assist each student in finding the educa- 
tional experience that will do most to fulfill his 
needs and objectives. - 

No curriculum, regardless of how well con- 
ceived, can assure excellence in the educational 
experience of the students. A curriculum is no 
guarantee of excellence in course content or in 
quality of instruction, either in the classroom 
or in the advising program. Efforts in curricu- 
lum improvement must be equally supported 
in course improvement, instructional improve- 
ment, and advising improvement. 


Program Revisions 

The new curriculum in agricultural econom- 
ics identifies a core of general education courses 
to be taken the first two years of a student’s 
college work (see Table 1 for the specific list- 
ing). Biological and physical science require- 
ments were reduced; communications require- 
ments were increased. 

Principles of Agricultural Economics and 
Economics II (introductory micro-economic 
theory taught in Arts and Sciences) are treated 
as fulfilling the same role—an introduction to 
micro-economic issues. Work in macro-eco- 
nomics was increased to include six semester 
hours of intermediate course work oriented 
toward public economic issues such as income 
and employment theory, money and banking, 
natural resource economics, labor economics, 
etc. To assure that all students have a sound 
background in microeconomic principles, stu- 
‘dents are enrolled in the one-year sequence, 
Production Economics and Agricultural Market 
Structures, during their junior year. This series 
is taught at the intermediate level using ele- 
mentary calculus and relying heavily on apply- 
ing theory to real situations. The sequence pro- 
vides the student with a conceptual base that 
allows him to work more effectively in the 
applied and analytical courses offered at the 
senior level. All students are required to enroll 
in at least one of the department’s problem ori- 
ented courses (Price Analysis, Quantitative 
Methods in Agricultural Marketing Firms, Eco- 
nomic Analysts of Farm Firms, Bargaining and 
Cooperation, Natural Resource Economics, Rural 
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Table 1. Curriculum requirements for the agricultural business option, Deena of oe 
cultural Economics, Kansas State University, 1972 
GENERAL EDUCATION 
| Should be taken in first two years and are recommended for all junior college students 
considering majoring in agricultural economics - i - 
Social Science: Credit Hours Science: : Credit Hours 
Economics I 3 Principles of Biology - 4 
Principles of Political Science 3 General Chemistry : 5 
General Psychology 3 í an —_— 
Introduction to Sociolo 3 9 
Principles of Agricul Economics 3 Math: 
_— College Algebra 3 
15 
Communications: : 
eae Composition I 3 Humanities? 6 
ish Composition II 3 y 
Communications I 2 
Electives? 6 
14 
Total General Education. niers eeni E E A E EE E 47 
PROFESSIONAL EDUCATION 
Should be taken at Kansas State University in the last two years 
Agricultural Economics: Business Administration: . 
Production Economics 3 Fundamentals of Accounting 4 
Agricultural Market Structure 3 Electives? 9 
Economics of Agricultural Business 3 — 
Electives! 12 13 
21 Agriculture? 12 
Math-Stat-Computer Sctence: 6 í 
Public Economic Policy 3 6 
Total Professional Education... ...... 0... cece eee cece eee e tence ene eee eee eee eect R a 58 
ELECTIVES 
General Electives 3 21 
Total for graduation’ wicijccad oy cee ASS E oe AE haw Cid aw E E Ga AE a N A i 126 


1 Economics II may be used. 
2? Selected from list approved by the department. 


3 Choice of student, with not more than one half from one discipline. 


Human Resource Development). The computer 
science requirement recognizes the expanding 
role of computers in business and society. 

Jones, Lard, and Manderscheid -[5] found 
quantitative analysis to be under-utilized in 
undergraduate teaching. Because of credit hour 
limitations and faculty reluctance to include 
calculus in the curriculum, it was decided to 
incorporate elementary calculus into the pro- 
duction economics courses. This was found to be 
a necessary intermediary step in upgrading the 
quantitative work.! 


1 In June 1973, after this article was accepted for publi- 
cation, the department took the next step by making 
Introduction to Analytical Processes (mathematics for eco- 
nomics and business) a curriculum requirement and a pre- 
requisite for Production Economics. 


Business administration is now more heavily 
emphasized with requirements ranging from 4 
to 13 hours according to the option selected. 
Requirements of the agribusiness option are 
shown in Table 1.? Requirements for options in 
farm management, professional economics, and 
agricultural programs differ only in the mix of 
professional courses. 

Another significant revision in the program 
was in course offerings. A list of current course 
offerings is presented in Table 2. Two new 
courses—Economics of Population, Food, and 
Environment and Rural Poveriy—are offered at 


1 Option at K.S.U. refers to specialization within a cur- 
riculum with all options sharing a common core of require- 
ments. Major refers to the department affiliation of the 
student. 
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the freshman level: to all students in the uni- 
versity. Both courses were deemed worthwhile; 
also, it was believed that the university’s re- 
sponsibility for providing the courses fell to the 
Department of Agricultural Economics. Prin- 
ciples of Agricultural Marketing, Land Econom- 
ics, Principles of Cooperation, and Agricultural 


Finance were judged no longer meaningful in ' 


their present forms. They were dropped with 
the subject matter included in new courses. 
Agricultural Market Structures is devoted to 
alternative forms of agricultural market or- 
ganizations, regional specialization, and trade. 
Some traditional topics in agricultural market- 
ing considered less important today have fallen 


Table 2. 
University, 1972 
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by the wayside. Land Economics had combined 
the study of land as a natural resource and the 
problem of acquiring land as a production 
factor. Farm Resource Acquisition and Finance 
now is devoted entirely to acquiring production 
inputs including capital and-land. Natural Re- 
source Economics concerns the management of 
land and other natural resources for highest 
social returns. Consumption Economics, Eco- 
nomics of Food Marketing, and Agriculiural Law 
and Economics were added to fill voids per- 
ceived in course offerings. 

Applied and quantitative courses added were 
Bargaining and Cooperation, Rural Human Re- 
source Development, Price Analysis, Quantita- 


Course offerings in agricultural economics before and after revision, Kansas State 





Old Listing 


New Listing 





INTRODUCTORY UNDERGRADUATE COURSES 


Grain Marketing 
**Livestock Marketing 
eee of Agricultural Economics 

Farm anagement 
Farm Planning Laboratory 
Rural Banking 
Principles of Agricultural Marketing 
Agricultural Economics Sey 
Agricultural Economy of South Asi 


*Principles of Agricultural Economics 


**Economics of Population, Food, and Environment 
**Rural Poverty 


UNDERGRADUATE Courses (May carry graduate credit for nonmajors) 


International Agricultural Development 
Agricultural Policy 
Consumption Economics in Agriculture 
Agricultural Prices and Market Structures 
Economic Principles of Agricultural Business Firms 
Land Economics 

icultural Finance 
Principles of Cooperation 
Agricultural Economic Statistics 


Production Economics 

Agricultural Market Structures 
Agricultural Policy 

Consumption Economics in Agriculture 
Farm Management 

Farm Resource Acquisition in Agriculture 
Economics of Food Marketing 
International Agricultural Development 
Agricultura] Law and Economics 

Rural Banking 

Economic Principles of Agricultural Business Firms 
Agricultural Economic Statistics 


“*Grain Marketing 
***Livestock and Meat Marketing 
“Ranch and Feedlot Management 


Bargaining and Cooperation 

Natural Resource Economics 
Principles of Transportation 

Rural Human Resource Development 





GrapuaTte Courses (May be taken for undergraduate credit) 


Production Economics 
Land and Resource Conservation 
Principles of Transportation 


Price Analysis 
uantitative Methods in Agricultural Marketing Firms 
conomic Analysis of Farm Firms 








+++ GRADUATE COURSES 


Advanced Farm Management 
Price Analysis 


* s Required of most College of Agriculture students. 


** Service courses may not be used to meet major course requirement. 


*** Primarily service courses, majors may take one. 


**** Partial listing showing only courses changed from graduate to lower level. 
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tive Methods in Agricultural Marketing, and 
Economic Analysis of Farm Firms. The last 
three are the most quantitative of the set of 
applied courses and rely heavily on concepts 
covered in the junior year sequence of micro- 
economics. 

Grain Marketing, Livestock Marketing, and 
Ranch and Feedlot Management are primarily 
service courses for other majors in the college of 
‘agriculture. Economics I is their only prerequi- 
site; hence they are less suited to the needs of 
majors in agricultural economics. However, a 
student showing strong interest in either the 
grain or livestock industry is allowed to enroll 
in one of the courses to learn more about that 
industry. It is anticipated that the majors 
should cover economic concepts at a more 
rigorous level than is presented in service 
courses. 


Conclusions 
Program review has resulted in a new curricu- 
‘lum and substantial revision of courses. Drop- 
ping and revising traditional courses is not 
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without faculty apprehension. Proper adminis- 
trative procedures that demonstrate concern 
for the personal welfare of individual faculty 
and maintaining linkages between the “old” 
and the “new” can provide the atmosphere 
necessary to obtain such changes. Generally, 
the new courses are receiving better response 
from faculty and students than the courses they 
replaced. 

One reason for the improved response may be 
that traditional textbooks first written before 
most undergraduates were born can no longer 
be used. Even though the texts have been re- 
vised, there are few disciplines that have relied 
on the same basic texts for so long. The reor- 
ganization forces instructors to develop newer 
materials and to evaluate the relevance of each 
section. Members of the review committee 
agreed that new textbooks in agricultural eco- 
nomics are badly needed. It is suggested that 
the American Agricultural Economics Associa- 
tion consider how it might stimulate writing of 
appropriate new textbooks in agricultural eco- 
nomics. 
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Economic Growth and Agriculture: 
An Evaluation of the Compensation Principle * 


E. C. Pasour, Jz. 


The feasibility of a program to insure farmers against losses due to economic growth is explored. 
Adjustment problems in agriculture are similar to those of other sectors. The feasibility of a 
general compensation policy to insure farmers against losses due to economic progress is ques- 


tioned on practical and theoretical grounds. 


CONOMIC growth is often accompanied by 
differences in relative rates of growth be- 
tween and within various sectors of the 

economy. The need for relatively slower growth 
in food and fiber production, together with the 
rapid increase in agricultural productivity dur- 
ing the past 30 years, have resulted in chronic 
agricultural adjustment problems. As one con- 
sequence, losses have been imposed on, numer- 
ous individuals in the agricultural sector. Other 
individuals have received windfall gains. In- 
crease in agricultural productivity is due in part 
to government actions including research, 
teaching, and extension activities. 

Should persons suffering losses due to eco- 
nomic growth including government activity in 
agriculture (or any other sector) be compen- 
sated by government? That is, would a program 
be feasible which would transfer enough of the 
gain by taxation of the gainers and government 
payments to the losers such that they will not 
incur losses? 

It is the contention of this paper that such a 
program would not be feasible. Following a 
brief discussion of several proposals of this kind 
for compensation in agriculture, a number of 
arguments are presented to show why a general 
policy of compensation to insure against losses 
associated with economic progress is not ap- 
propriate. 

Economic growth (or progress) in this paper 
is taken to mean an increase in real per capita 
income. There are two welfare aspects of any 
change in the level of real income. These are 
efficiency and equity. Efficiency pertains to the 


amount of net social product while equity re-. 


lates to the distribution of the product. A par- 
ticular policy may conceivably involve an in- 
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crease in output (efficiency) without affecting 
income distribution. Such a policy represents an 
unambiguous increase in welfare.! Other poli- 
cies, e.g., “tax reform,” may affect income dis- 
tribution without affecting the level of social 
product. Most policies affect the distribution of 
income as well as the level of income. The de- 
sirability of any change which affects the dis- 
tribution of income (whether total product is 
increased, decreased, or constant) from a wel- 
fare standpoint, can only be assessed through 
the collective choice process. 


Some Arguments for Compensation 


Some agricultural economists have long ar- 
gued for a general compensation policy to ease 
the impact of agricultural adjustments. Heady, 
for example, points out that government de- 
velopment policies in agriculture (research, 
credit, education, etc.) lead to increases in agri- 
cultural output, which benefit consumers 
through lower food prices, but lead to reduced 
farm receipts due to the inelastic demand for 
farm products. He thus favors “compensation 
policies to provide farmers with some payoff for 
this contribution to the national welfare” [8, 
p. 66]. Heady, however, does not discuss the 
problem of compensation in general, and it is 
not clear whether he favors a full or partial 
compensation policy for individuals in all sec- 
tors of the economy adversely affected by gov- 
ernment action and/or economic growth.? 

T. W. Schultz proposes a general compensa- 
tion policy having the objective “to ensure in- 
dividuals they will not suffer losses caused by 
economic progress” [16, p. 557]. He challenges 


1 The Pareto welfare criterion does not imply that income 
distribution is unchanged when welfare increases; instead it 
holds that at least one person is made better off without 
anyone being made worse off. 

3 Full compensation is necessary to insure against loss. 
Payment of partial compensation based on individual 
losses is subject to the same measurement problems as full 
compensation, however, since full compensation must be 
known before partial compensation can be determined. 
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the view that both gains and losses are neces- 
sary to induce adjustments by labor and other 
resources. Instead, Schultz contends that the 
incentives in a market economy can be pre- 
served by permitting and giving free rein to 
windfall gains while compensating for producer 
losses due to economic progress [16, p. 559].? 
He assumes’ that the losses are much smaller 
than the gains, and, hence, that the net gains 
< from economic progress are large enough to 
provide an effective system of incentives. 
Heady, on the other hand, in comparing the 
gains to consumers with the losses to food pro- 
ducers associated with government develop- 
ment policies, holds that “we cannot be certain 
that the sum outcome is positive” [8, p. 42]. 
Heady’s proposal is to adopt a set of compensa- 
tion policies to insure that the “sum outcome is 
positive.” 

Schmitz and Seckler propose that a fraction 
of the economies generated by technological in- 
novations be allocated out of general taxes to 
increase the mobility of displaced workers. “In- 
terventions of this sort would allow social costs 
and benefits to fall more or less randomly on 
the population as a whole and thus, in a sense, 
cancel each other. If this were to occur, ‘every- 
one’ would be better off with technological 
change” [15, p. 576]. The extent to which 
Schmitz and Seckler favor compensation to in- 
sure against loss is not clear. However, the 
quote suggests that from the standpoint of so- 
cial welfare, all technological change should 
meet the “Pareto better” welfare criterion. 


Losses Due to Government and Current 
Compensation Policy 


Economic growth is closely linked with a host 
of government activities, and it is frequently 
difficult to separate the combined effect of 
government policies affecting agriculture (or 
other sectors) from other factors affecting eco- 
nomic growth. However, there are many cases 
where one can identify the losses or gains as- 
sociated with particular government policies, 
and the legal system currently provides for 
compensation under some.conditions. Consider 
now the conditions under which such losses are 
compensable under current law. 


3 A simple concept of equity would suggest that if indi- 
viduals are insured by society against losses, then society 
should be reimbursed for windfall gains associated with 
acts of government. Such a policy is subject to similar prac- 
tical and theoretical difficulties as a policy to insure against 
logs. 
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Losses and gains due to government action 


There are numerous examples of cases in 
which direct government action either serves to 
benefit or harm particular individuals. For ex- 
ample, the institution of a price support pro- 
gram, in which price is supported by restricting 
output through an allotment scheme, serves to 
give a windfall gain to producers receiving the 
initial allotments (and losses to consumers via 
higher product prices). Similarly, the abolish- 
ment of a program of this type causes the cur- 
rent holders of production rights to have a 
windfall loss. At the local level, zoning land as 
agricultural may decrease the market value of 
land. 


Compensation under the fifth amendment 


The examples just cited pertain to a com- 
monly found class of cases where direct govern- 
ment action imposes windfall losses or gains for 
which compensation is normally neither paid 
nor received. What, then, determines whether 
losses to individuals as a result of.acts by gov- 
ernment are compensable? The Fifth Amend- 
ment to the U. S. Constitution states, “nor 
shall private property be taken for public use 
without just compensation.” If property is 
“taken,” it is compensable.* Land for roads, 
power lines, etc., are common examples in which 
land is legally “taken” and, hence, compensa- 
ble. However, there is no clearcut distinction 
between losses of property due to legal “‘tak- 
ings” under the power of eminent domain and 
losses in value due to the lawful exercise of 
“policy power.” For example, economic losses 
incurred by private citizens due to government 
actions in zoning, nuisance abatement, and 
business regulation are usually considered to be 
“a mere incident of the lawful exercise of the 
‘police power’ and thus not compensable” [13, 
p. 36]. Consequently, losses incurred for a wide 
range of acts of government are not compensa- 
ble under present law. ` 

A property right is not an unrestricted right. 


4 It is difficult to define precisely “property” and “taken” 
in a legal sense. Under the dominant theory of “takings” 
law, “the criterion for recognizing a particular economic 
injury which follows from government action as a taking is 
the extent of economic loss” [14, p. 151]. However, in the 
case of banning lotteries or the manufacture of liquor, total 
losses are left uncompensated by redefining these interests 


, as nonproperty. 


“Property rights do not refer to the relations between 
men and things but, rather, f the sancltoned behavioral 
relations among men and arise from the existence of things 
and pertain to their use” [7, p. 1139]. 


November 1973 


Imposition of restrictive measures on owner- 
ship rights affects the owner’s expectations 
about the potential uses and, hence, the value 
of the asset involved. However, the theory of 
property rights is not now complete in the sense 
that there is no clear theoretical basis for de- 
termining the conditions under which attenua- 
tion of (or restriction on) private property 
rights should represent a legal “taking.” It may 
well be that the theory of property rights can- 
not be complete without a complete theory of 
the state [7, p. 1140]. The fact that the theory 
of property rights is not complete serves to in- 
crease the risks associated with ownership. Con- 
sequently, the risk of potential attenuation of 
property rights by acts of government is an im- 
portant determinant in resource pricing and 
allocation. 

In many common cases of windfall gains and 
losses which can be readily linked to govern- 
ment activity (location of roads, zoning of 
farmland, etc.), there is no special governmen- 
tal policy to appropriate gains or to compensate 
for losses. However, the general system of taxa- 
tion through the handling of capital gains and 
losses serves to lessen the impact of realized 
gains and losses.5 

There is also a class of cases involving 
changes in property rights which fit neither of 
the above categories, vis., “takings” under the 
law of eminent domain or losses due to the law- 
ful exercise of “police power.” For example, in 
the legislation following the Kennedy round of 
tariff negotiations, compensation was provided 
for persons injured by increased imports.’ Com- 
pensation has also been provided in the case 
where animals have been destroyed to control 
disease. Compensation was legally denied cedar 
tree owners in Virginia whose trees were de- 
stroyed to protect apple production (this case 
is discussed later in more detail). What deter- 
mines when losses imposed on individuals by 
particular actions of government will (or can) 
be compensated in situations not covered by 


5 In fact, the tax system itself serves as a vehicle through 
which government appropriates wealth and redistributes 
income. The taxing power of the state permits private prop- 
erty to be taken for public purposes. Compensation, in the 
case of property taxes and income taxes, is not paid to the 
taxpayer except to the extent that the amount of taxes paid 
by an individual is coincident with the benefits received 
from governments. A policy to insure against loss would 
effectively mean that the tax burden for any individual 
should be based solely on the criterion of benefits received 
instead of the now dominant criterion, ability to pay. 

® This is a case in which potentia} losses are compensable, 
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the Fifth Amendment? The answer to this 
question involves a number of factors relating 
to the feasibility of compensation., 


Feasibility of Compensation À 

A policy of compensation to insure against 

losses would confront problems associated with 

measurement, the collective choice process, and 
moral hazard. 


Measurement problems 


Measurement problems constitute the first 
reason why compensation to insure against 
losses associated with economic progress is often 
not feasible. Losses associated with economic 
growth often cannot be measured. How, for ex- 
ample, would one separate losses (or decreases 
in price) associated with economic growth from 
other losses (or decreases in price)? Similarly, 
how would one determine the extent of the loss 
suffered by any one individual? The adminis- 
trative problems in determining if a particular 
loss occurred due to economic progress and then 
measuring it would be enormous. Hence, meas- 
urement problems alone are sufficiently for- 
midable to limit the feasibility of any program 
to insure against such losses.” There are other 
basic problems, however, which limit the feasi- 
bility of any program of this kind. 


Public choice 


A second reason that a general system of 
compensation to offset the direct and indirect 
losses arising from government activity is not 
feasible is that it would be inconsistent with the 
role of government of enhancing various self- 
interests at the expense of other people or 
groups of people. In virtually every action 
taken by government, some people gain and 
some people lose. Specific groups of citizens use 
the power of the state to enhance their own 
economic interests relative to those of other 
groups. Government, in performing its in- 
herent function, must be more responsive to 
the desires of some individuals and parties 
than to others in virtually all choices or de- 


7A recent study of the feasibility of an insurance pro- 
gram to protect farmers and ranchers against economic 
losses caused by restrictions in the use of crop pesticides 
and predator poisons reached a similar conclusion, “isolat- 
ing such losses from other losses in crop and livestock pro- 
duction is impossible in most instances” [9, p. iv]. 

£ This, of course, does not preclude the possibility that 
certain groups might be sufficiently influential to obtain 
compensation for actions taken which are deleterious to 
their interests. 
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cisions made. Examples are abundant. Agricul- 
tural subsidies, use value property taxation for 
farmers, a ban on the use of DDT, and the 
zoning of farmland are examples of choices 
made by government which are the result of or 
influenced by specific groups using government 
for the advancement of their own interests. It 
is apparent in these and numerous other exam- 
ples that there is no “common cause.” That is, 
‘there are competing interests, and any choice 
made by the people through governmental ac- 
tion will almost inevitably force or coerce cer- 
tain people to change their behavior in some 
way. 

A third (and closely related) reason why a 
general policy of compensation is not feasible 
hinges on the fact that governmental choice is 
also required in determining and adjudicating 
_ property rights between individuals in the 
private sector where externalities are involved. 
This point is convincingly made by Samuels in 
citing a 40-year-old court case in Virginia [12]. 
The case involved the property rights of pro- 
ducers of red cedar trees versus the rights of 
apple producers whose apples were being dam- 
aged by the cedar rust. The cedar rust is a 
- fungus harmless to cedar trees but which spends 
one phase.attacking apple.leaves and fruit. The 
Virginia legislature “passed a statute which em- 
powered the state entomologist to investigate 
and, if necessary, condemn and destroy, with- 
out compensation, certain red cedar trees within 
a two-mile radius of an apple orchard” [12 
p. 436].° 

The government, prior to the legislative 
ruling, was effectively working to the advan- 
tage of the cedar tree producers. By passing the 
new law, the situation was reversed and govern- 
ment effectively supported the apple pro- 
ducers. Government, in this example, was 
forced to choose between the interests of the 
two groups of producers.!® Such choices are in- 


° There is no consensus among economists as to the cor- 
‘rect approach to externality problems of the cedar-apple 
variety. Coase holds that such problems have a bilateral 
nature and that the proper approach is to focus on the 
efficient use of the scarce resource [5]. This approach which 
does not attempt to identify the perpetrator or the victim 
-generally calls for all parties using the scarce resource to be 
taxed so they will economize on the use of the scarce 
resource. Baumol, on the other hand, purports to show that 
a of externalities should sot be taxed or compensated 

2 n 
10 This does not mean, of course, that government may 
never compensate the losers in such cases. In cases where 
losers are compensated, the government has effectively 
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evitable. Government in general is an instru- 
ment for the accommodation of conflicting in- 
terests. 

A slightly diferent way g viewing the second 
and third reasons why compensation to insure 
against losses is not feasible follows from the 
fact that externalities are inherent in the collec- 
tive decision-making framework [3]. In the 
collective choice process of a democracy, there 
is virtually always a minority who disagrees 
with any collective decision reached or action 
taken eyen though the decision made represents 
the majority will. Thus, a member of the minor- 
ity must accede to actions favored by the ma- 
jority which he cannot prevent and for which 
he does not receive compensation or damages. 
Hence, the collective decision-making process 
inevitably imposes external costs on particular 
individuals. If full compensation were paid in 
such cases, it would be tantamount to the 
adoption of the unanimity decision rule which 
is likely to be of limited practical usefulness." 


Risk and moral hazard 


Under current law, there is little basis for the 
contention sometimes made that an individual 
has a right to expect that legislation affecting 
him will not change appreciably. The law has 
often changed in ways that have worked to the 
disadvantage of individual property owners. 
For example, legislatures have passed laws pro- 
hibiting the continuance of businesses (without 
compensation) which were legal when estab- 
lished. Examples are lotteries and the manufac- 
ture of liquor [13, p. 52]. Agricultural examples, 
such as nuisance ordinances and water pollution 
legislation which restrict or prohibit the activi- 
ties of hog farms and feed lots, are also becom- 
ing quite common. 





chosen between two groups—taxpayers in general and the 
group being compensated. 

Coase has shown that in small number settings, the same 
result would be expected to emerge by voluntary agree- 
ments regardless of how the law assigns property rights [5]. 
Well defined property rights are important in reaching 
voluntary agreements which can serve to internalize the 
interdependence between parties [17]. Buchanan contends 
that there should generally be an explicit prejudice in 
favor of previously existing property rights since “only 
such a prejudice offers incentives for the emergence of 
voluntarily negotiated settlements among the parties them- 
selves” [4, p. 452]. 

1u Since an individual would be paid to compensate him 
for the cost imposed upon him by virtue of being in the 
minority, he would have an incentive not to reveal his true 
preference and to exploit others for his own uniquely dif- 
ferential benefit. 
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There is a distinction between insurable and 
noninsurable risks which is important in assess- 
ing the feasibility of a general compensation 
policy. Some individual risks can be pooled so 
that the aggregate risk is less than the com- 
bined risks to the individuals. In such cases, 
private insurance companies can provide a use- 
ful function. In other cases, however, such as 
that of society’s changing demands for skills, 
the risks are not a poolable sort “since the indi- 
vidual events which combine to form the aggre- 
gates are not independent of one another” 
[10, p. $187]. This is the “moral hazard” prob- 
lem and the fourth reason why a genera! policy 
to insure against losses is not feasible. 

Moral hazard refers to the fact that an in- 
surance policy might have a deterrent effect on 
self-protection (i.e., acts which reduce the prob- 
ability of a loss) which increases the probability 
of a hazardous event actually occurring. Arrow 
holds that “moral hazard” is an important fac- 
tor limiting risk-shifting and results in incom- 
plete coverage of risky activities through the 
market (1, p. 142]. Moral hazard constitutes a 
cost, and it is likely to be economical to leave 
some risks uninsured through the market (or by 
government) because the moral hazard cost is 
too large.” 

What is the significance of moral hazard to 
the compensation issue? Schultz (as indicated 
above) contends that gains associated with eco- 
nomic growth are much larger than losses 
within the present institutional framework 
[16]. A compensation rule, however, would 
represent a pronounced institutional change. A 
new institutional framework which includes a 
compensation principle to insure against losses 
associated with economic growth is likely to 
increase “bad” or risky investments since ex- 
pected losses would always be nonpositive. 
Thus, the expected result of the compensation 
rule (when contrasted with the present institu- 
tional framework) would be to increase the 
ratio of losses to gains. Further taxation of gains 
to compensate losses might be expected to re- 
duce economic growth. 

In slightly different terms, if individuals were 
completely insulated from risks associated with 


12 Ehrlich and Becker show that in cases where the price 
of market insurance is independent of expenditures on self- 
protection, moral hazard would exist and hold that “this is 
the major reason why certain kinds of hazards, like failure 
in business, are not considered insurable by the market” 
[6, p. 643]. The example cited is closely analogous to that 
of insuring individuals against losses arising from economic 
growth, 
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economic progress, i.e., if there were total risk 
shifting, the probability of incurring loss would 
increase due to moral hazard.” Any attempt to 
insulate an individual against loss due to eco- 
nomic progress is likely to reduce the rate of 
economic progress and reduce the “surplus” 
available for compensation.“ 


Conclusion 


Attempts to insure farmers against losses 
arising from economic progress suggest that 
adjustment problems in the agricultural sector 
are, in some sense, unique. There appears to be 
no fundamental difference, however, in the ef- 
fects of such changes on agriculture and those 
on other sectors of the economy. Changes in 
demand and supply are ubiquitous in a chang- 
ing economy. The number of individuals in- 
volved in a specific case of technological dis- 
placement is important from the standpoint of 
the transactions costs (relative to the benefits) 
in dévising policies to facilitate the necessary 
labor adjustments. From an equity standpoint, 
however, the number of individuals affected 
has little relevance. The small (or large) num- 
bers of individuals who are disadvantaged by 
any of the innumerable changes of a dynamic 
economy would appear to have an equal claim 
to compensation. 

A policy of general compensation to insure 
farmers or other individuals against losses, due 
to economic progress (or government action), 
does not appear sound either practically or 
from a theoretical standpoint. In exercising 


B Features of formal insurance which reduce the moral 
hazard factor include deductibles and coinsurance (which 
requires the individual to pay some fraction of each dollar 
of cost) [11, p. 535]. Unemployment compensation at 
some fraction of one’s regular wage instead of the full 
amount is consistent with the contention that the moral 
hazard factor limits the risk-shifting of insurance programs 
against unemployment. 

4 The problem is closely analogous to that of the use of 
subsidies to correct for an externality in the case of pollu- 
tion by, say, a waste treatment plant. The correct subsidy 
should be based on an unobservable quantity, vis., how 
much pollution is reduced below what it would have been 
in the absence of the subsidy. If one subsidizes actual waste 
treatment, the person receiving the subsidy may have an 
incentive to adopt techniques which increase pollution in 
order to qualify for larger payments due to treating it. 

This problem was found to be important in examining 
the feasibility of insuring losses to farmers and ranchers 
caused by restricted use of crop pesticides and predator 
poisons. “If insurance coverage is excessively high, the 
insured person may tend (by intention or neglect) to con- 
ee mn profit by, a loss if he has any control over it” 

9, p. 3]. 
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choice between different alternatives, the gov- 
ernment inevitably serves to promote the in- 
terests of particular individuals or groups at 
the expense of other individuals or groups. Con- 
sequently, it is not generally possible for a 
government to enhance the interests of all its 
constituents simultaneously. A system of gen- 
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eral compensation to offset the direct. and in- 
direct losses associated with acts of government 
affecting economic progress would be incon- 
sistent with this role of government. Further- 
more, measurement problems and moral hazard 
would limit the feasibility of a general com- 
pensation policy of this kind. 
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On Appraising Environmental Institutions* 


J. A. SEAGRAVES 


Changing relative prices and conditions of profitability lie behind many demands for new 
institutions. The emerging nature of environmental disequilibria suggests that allocative effects 
of alternative institutions can be studied before the difficult question of income distribution. 
“Externalities” are viewed as joint products, one of which is not priced. 


stitutions is a necessary prerequisite 

to the development of worthwhile nor- 
mative prescriptions. This paper stresses the 
need for the normative engineers of social 
change both to understand this positive eco- 
nomics and to evaluate solutions that have been 
tried in other regions. 


Engines of Institutional Change 


The induced innovations hypothesis em- 
phasizes that changes in factor prices influence 
technological change so as to conserve the 
newly high-priced factors. Hayami and Ruttan 
[9] make institutions such as Agricultural Ex- 
periment Stations and farm machinery com- 
panies vital links in their explanation of in- 
duced technological change. Ruttan [13] has 
suggested that the induced innovations idea be 
applied to institutions as well. Schultz [17] 
has given an economic framework for explain- 
ing changes in institutions. He concentrates on 


Institutions that Render Services to the Econ- 
omy... A partial list includes... (1) those 
that reduce transaction costs (for example, 
money, future markets), (2) those that influ- 
ence the allocation of risk among the owners of 
the factors of production (contracts, share ten- 
ancy, cooperatives, corporations, insurance, 
public social security programs), (3) those that 
provide the linkage between functional and per- 
sonal income streams (property, including in- 


* Published with the approval of the Director of the 
North Carolina Agricultural Experiment Station as paper 
no. 3930 of the Journal Series. First entitled “Induced Insti- 
tutional Innovations for the Environment” and presented 
as comments on a paper by Schmid [16] prepared for a sub- 
section discussion entitled “Institutional Innovation in 
Community and Regional Waste Management” at the 
meeting of the American Agricultural Economics Associa- 
tion in Gainesville, Florida, August 22, 1972. The author 
wants to acknowledge helpful suggestions from Helen Sea- 
graves, Dale Hoover, Richard Perrin, Gerald Carlson, 
Hans Binswanger, Richard Sylla, Vernon Rutten, Emery 
Castle, J. Delphendahl, and an anonymous reviewer, with- 
out in any way implicating them in errors that remain. 
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J. A. Szacraves ds professor of economics at North Caro- 
lina Slate University. 


heritance laws, seniority and other rights of 
labor), and (4) those that establish the frame- ` 
work for the production and distribution of pub- 
lic goods or services (highways, airports, schools, 
agricultural experiment stations). 

. For each of these services there is a demand. 
It is, therefore, within the province of economic 
theory to approach the determination of the 
economic value of each of these services by sub- 
jecting them to a supply-and-demand analysis 

. an economy arrives at an equilibrium with 
respect to each of these... economic services 
of institutions when the rates of return repre- 
sented by these and other services reach equal- 
ity. [17, pp. 1114, 1117] 


Davis and North [7] offer a theory of “ar- 
rangemental innovations” with emphasis placed 
on new opportunities for profit leading to 
changes in institutions. New knowledge, prices, 
or rules of the game show up as economies of 
scale, externalities, market failures, or political 
pressures which suggest benefits that can only 
be captured by some change in the arrange- 
mental structure. Emphasis is also given to re- 
duced costs of bringing about changes or operat- 
ing the new institutions as explanatory vari- 
ables. Once the ice is broken, or the first or- 
ganization is established, similar changes be- 
come easier. 

Schultz and Davis and North seem to be 
stressing the overall social profitability of new 
institutions and lead one to expect institutional 
changes as knowledge and prices change. Sam- 
uels [14; also see 15 and 1] stresses the profit 
motives and power of individual groups in his 
interpretation of the Supreme Court case, Mil- 
ler et al. vs. Schoene, which upheld the Virginia 
law protecting the owners of apple orchards 
from the red-cedar trees of their neighbors. The 
cedars are the host plant to a fungus which 
affects the apples. If 10 or more apple growers 
register a complaint, the State Entomologist 
may declare the offending cedars a public 
nuisance and order them removed. New knowl- 
edge may have been partly responsible for the 
timing of this 1914 law, but Samuels describes 
it as a case of the economic power of the apple 
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growers leading to the law and its successful 
defense through the courts. It is also possible 
that condemnation seemed like a less costly and 


simpler institutional procedure than having a` 


group of orchardists buy easements from the 
owners of the cedar trees. 

One generalization that can be drawn from 
this brief review is that several causal factors 
can be involved in explaining any one institu- 
tional change. Two other thoughts are: (1) that 
even though legislators are looking for low-cost 
answers to problems, they are likely to adopt 
simple regulations and ‘‘do something décisive” 
rather than encourage the use of markets; and 
(2) by itself, the process of correcting problems 
can make issues which seemed trivial in years 
past worth solving today. This second aspect of 

‘governmental problem solving resembles com- 
petition. 


Environmental Institutions 


Changes in relative prices, incomes, tastes, 
and technology are creating demands for new 
environmental institutions. Increases in real 
wage rates and the value of time have been 
most dramatic. These have caused some en- 
vironmental issues to become noticeable. Wage 
rates have gone up relative to the cost of water 
and the value of many by-products. Industry 
has responded by using more water to flush 
away more joint products that are now slightly 
submarginal. While higher wage rates have 
caused an increase in the supply of wastes, the 
increased standard of living has helped cause an 
increase in the demand for recreation and a 
clean environment. Population increase is 
another reason, but this appears to be under 
control. Concern with the environment is not 
likely to be a passing fad. It has grown from 
real changes in prices and incomes, and these 
changes are continuing. 

If economists were better able to understand 
the causes of environmental problems, it would 
help in the consideration of alternative solu- 
tions. Are there any other parts of the world 
that have already suffered (or enjoyed) the 
same changes in relative prices or profit condi- 
tions at an earlier date? Do the solutions 
adopted there suggest anything? If a shortage 
of water is developing, one can look at the solu- 
tions tried in the more arid areas. The same 
applies to developing shortages ‘of the waste- 
assimilative capacities of the water and air. 
Most economists can think of places that have 
had more severe problems and more extreme 
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resource price ratios than those in question. 
This sounds like the old farm management ap- 
proach, which simply reported to all farmers 
what the successful farmers were doing. How- 
ever,.there is a difference. Such observations 
can be used to enhance theoretical understand- 
ing of and to test predictions about institu- 
tional changes. 


“Externalities” or “Joint Products” 


The concept of “externality” is often value- 
laden, suggesting that there are “bad guys” 
and “good guys.’’! The concept is vague as well. 
Sometimes it refers to joint-products, one of 
which is not priced, and at other times simply 
means economies of size made possible by ex- 
panded consumption. Some authors [4, 6] use 
the concept of “externality” as an alternative 
to property rights problems, and others [10] 
treat these as separate classes of environmental 
problems requiring different types of policies. 
“Externalities” almost always implies that 
something is wrong without necessarily en- 
couraging an explanation of why. The word 
“externalities” is also associated with simplistic 
solutions—internalize them, tax them, or pro- 
hibit them. 

Cheung [4] suggests that it would be fruitful 
for economists to reorient their thinking toward 
transactions costs and property rights and to 
discard the concept of externality. He would 
ask economists to quit attributing to Coase [5] 
the position that property rights are irrelevant, 
and to recognize that transaction costs lie at the 
heart of the problem of social costs. Coase em- 
phasizes that similar optimum levels of pollu- 
tion can come about regardless of whether an 
offending party has the right to pollute or the 
offended has property rights that protect him 
from damages caused by others. Solutions will 
be similar (aside from aggregate price effects) 
as long as transaction costs are low. Calabresi 
[3] carries the story one step further and shows 
that there are no resource allocation problems of 
any kind, even with monopolies, as long as 
transaction costs are zero. If consumers could 
easily get together, they could bribe a monopo- 
list to produce the competitive amount. It 
would not matter whether the monopolist was 
restricting supply, exploiting a legitimate pat- 


1 One reviewer kindly pointed out that the word “‘ineffi- 
ciency” is also value Jaden. This is true, and the two are 
almost synonymous. However, it is possible that “ineffi- 
ciency” and “Pareto relevant inefficiency” are less pre- 
scriptive. 
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ent, or using up all the oxygen in-a river; as 
long as transaction costs are low for those who 
are hurt, they should be able to get together 
and buy themselves into a Pareto optimal 
solution. 

In personal correspondence regarding stream 
charges versus transferable permits, Robert 
Dorfman made the point that the asymmetry 
between the polluters and the pollution re- 
sisters can best be viewed as a special case of 
concentrated interests dominating diffuse in- 
terests in the political sphere. Diffuse interests 
are at a disadvantage because of high communi- 
cation costs and problems with free riders. 
Hence, any policy based on an assumption of 
low transactions costs among those with diffuse 
interests is suspect. Crocker [6] made the point 
that the assignment of property rights can have 
a large effect on the informational, contracting 
and policing, or ICP, costs. The optimum solu- 
tion to a problem of joint products, one of 
which is not priced, may well involve a redis- 
tribution of income and few subsequent transac- 
tions. 

Cheung [4] explains the common property 
resource (fishing) problem with a general the- 
ory as to when it becomes profitable to estab- 
lish a right to exclude others or a monopoly. 
New institutional forms come about when the 
benefits of establishing them increase or their 
marginal costs decline. Preferred forms may 
include more separate bundles of rights and 
obligations, better enforcement, and more in- 
formation being conveyed by markets. Costs 
include all the ICP costs of Crocker. Benefit 
cost analyses may help explain why contracts 
or exclusive rights do not yet exist for certain 
actions, or why an older institutional form 
persists. 

Most “externalities” can be defined as joint- 
products, one of which is not priced. The 
“Pareto-relevant externalities” of Buchanan 
and Stubblebine [2] are a special class of situa- 
tions in which someone can be made better off 
without hurting others presumably after paying 
any additional transactions costs of the new 
institutions that may be involved. The ques- 
tion is whether “externalities” are meaningfully 
different from any other Pareto relevant dis- 
equilibria. Cheung says no. 


Separating Allocative and Distributive Effects 


Economists can also discount the idea that-it 
is necessary to know who counts, or “who is 
imposing upon whom,” or who has the property 
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rights before one can usefully make efficient 
analyses of these troublesome joint-products.* 
When the costliness of a common property 
right is just emerging, or when court decisions 
to assign responsibilities are costly, the institu- 
tional economist is mainly concerned with 
whether or not the efficiency gains can support 
a newly defined right. Do the benefits of defin- 
ing rights exceed the ICP costs? What are the 
alternative institutions? It is true that the task 
of the institutional economist will be easier if 
he already knows who counts and that this 
knowledge may keep him from getting himself 
in trouble in those cases where property rights 
are valuable. But it will often be useful to con- 
sider separately the questions of resource allo- 
cation or efficient institutions on the one hand 
and redistributions of wealth on the other. If 
there is no way to increase the size of the pie 
by creating a new environmental institution, 
then the redistributional effects would have to 
be very dramatic to merit study. It also makes 
sense to study allocative effects first. One 
should not expect environmental programs to 
be effective ways to help the poor. 


Two Local Examples 


Elliott [8] recently completed a study of the 
industrial demand for waste treatment in cities 
that are levying surcharges on the pounds of 
industrial waste treated. These are special 
charges in addition to the normal sewer charge 
based on volume. Higher charges had the ex- 
pected negative effects on water use and water- 
carried wastes. The new institution in this case 
is a “slightly more sophisticated way of charg- 
ing for wastes.” What caused it? High costs of 
waste treatment and extra heavy industrial 
waste loads. Elliott’s thesis helps explain the 
latter, too. Higher real wage rates were posi- 
tively associated with higher uses of water to 
flow. away industrial wastes both cross-sec- 
tionally and over time, as expected. Another 
observation is that the cities with the highest 
waste treatment costs have been more inclined 
to charge industry for the pounds of waste 
treated (use the more sophisticated institu- 
tional form) than have cities with lower costs. 
That is, those cities that had relatively high 
benefits from establishing the new billing pro- 
cedure were the first to adopt it. 


2 The primacy of the question of “whose ox is being 
gored” was claimed by Schmid [16, see paragraph 2 of his 


conclusions] and also by Headley [10, see paragraph 2 of 


his section on Property Rights and the Environment]. 
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Does the successful experience of most cities 
that have tried surcharges have any normative 
implications for institutional changes to regu- 
late the quality of rivers? Senator Proxmire [12] 
has used the experience of surcharges to sup- 
port the idea of charging industries by the 
pound for wastes that they discharge to 
streams. Elsewhere [18] the author has argued 
that stream charges are a simple alternative, 
' but not likely to be optimal. The main points 
are that governmentally levied stream charges 
would not necessarily encourage a market test 
regarding the optimum quality of the river; 
would most likely be applied in too simple a 
way or with too few variations in the charges 
to accommodate geographic and temporal dif- 
ferences in the waste assimilative capacities of 
streams; and would imply a redistribution of 
property rights which is larger than necessary 
and, hence, might delay the passage of the leg- 
islation. Mar’s [11] alternative of transferable 
discharge rights defined in terms of the obliga- 
tions that major dischargers have with respect 
to water quality at some point downstream 
from their outfalls deserves more consideration. 
His proposal would allow a downstream city to 
bargain with an upstream city so that the 
former might pay the latter to adopt higher 
standards than those dictated by their dis- 
charge rights. 

This second example is a classic common 
property resource problem. The waste assimila- 
tion capacity of streams is gradually becoming 
more valuable, But the value of this previously 
undefined resource varies a great deal from 
time-to-time and place-to-place. The property 
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rights literature would lead one to expect a 
variety of solutions. One problem with an “ex- 
ternalities” approach is that it suggests simple 
charges or regulations and a sudden rearrange- 
ment of property rights against those who had 
been freely using the stream to assimilate 
wastes. This may not be the most expedient 
route politically, and if successful politically, 
it may overshoot the mark economically. 
Another problem with the charges approach is 
that it does not encourage one to ask whether 
administrative costs might not exceed the bene- 
fits in terms of resource allocation. 


j Conclusions 


The normative environmental economist 
needs to cultivate his positive economics of in- 
stitutional change. Understanding the demands 
for change and the changes that have been 
made elsewhere are useful steps along the way 
and suggest a comparison of many alternative 
solutions. The property rights approach to en- 
vironmental problems appears to be more ob- 
jective and to suggest more alternatives than 
the “externalities” route. But one should avoid 
simple assumptions that transaction costs are 
low or that diffuse interests can bargain as 
effectively as concentrated interests. This prop- 
erty rights approach does not recommend adop- 
tion of new institutions unless the allocative 
benefits exceed the transaction and policing 
costs. It is logical for the institutional econo- 
mist to calculate net allocative gains before he 
worries about any redistributions of incomes 
that may be involved or about short-run com- 
pensation schemes and political strategy. 
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Cost-Benefit Analysis of Irrigation Projects 
in Northeastern Brazil* 


Wuram R. Cine 


Cost-benefit analysis using empirical estimation of labor’s shadow price and linear programming 
for crop selection is applied to major proposed irrigation projects for Brazil’s Northeast. Over 
half the project area is approved. However, these capital intensive projects should rank below 
investments with similar rates of return but larger employment effects. 


His study conducts cost-benefit analysis 

of 24 major irrigation projects presently 

under consideration for the arid interior 
of Northeastern Brazil. These are among 56 
projects with a total area of 195,000 hectares, 
tentatively found favorable by the Brazilian 
Ministry of Interior, on a 10 percent discount 
rate basis.1 The potential investors in the proj- 
ects are the Brazilian government and interna- 
tional lending agencies. 

The projects tend to be large government 
schemes rather than plans for small scale pri- 
vate irrigation. Although many of the projects 
would use reservoirs constructed in past anti- 
drought programs, they would be costly due to 
long conduction canals, drainage requirements, 
or high pumping from rivers. The average in- 
vestment cost is $2,800 per hectare ($1,700 
excluding buildings, farm machinery, and work- 
ers’ houses), very high by international stan- 
dards.* Correspondingly, the projects are capi- 
tal intensive. They would employ 0.59 workers 
per irrigated hectare, giving a capital/labor 
ratio of $4,800, more than seven times the 
average capital/labor ratio in Brazilian agricul- 
ture.’ 


* The research for this study was conducted while the 
author was a Ford Foundation Visiting Professor in the 
Brazilian Planning Ministry (IPEA), 1970-71. The author 
is indebted to Gervasio Castro de Resende for vital assis- 
tance in data collection, and to members of the Tahal con- 
sulting firm for their cooperation in supplying data and 
expert agronomic and engineering advice. The views here 
do not necessarily represent positions of the Brazilian Plan- 
ning Ministry. 

1 The analysis was conducted by the consulting firms 
Tahal (Israeli) and Sondotecnica (Brazilian). Summary 
results of the analysis are reported in [3], referred to below 
as PPI. Note that the 195,000 hectare area represents more 
than twice the area presently under irrigation in the region. 

2 Colin Clark cites figures in the vicinity of $500 per 
hectare as the investment cost of irrigation works for proj- 
ects in Europe, Iraq, and Morocco [5, p. 62]. 

3 I estimate this as $640, based on the 1960 census, farm 
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Their high capital intensity means the proj- 
ects would contribute very little to labor ab- 
sorption. Even if the full area of 195,000 hec- 
tares were implemented, only 115,000 perma- 
nent direct jobs would be created [3, p. 8]. This 
level represents approximately 2 percent of the 
current rural Northeastern labor force and 
would not be fully. reached until complete proj- 
ect installation in 1980. Despite the small im- 
pact on Northeastern employment, the projects 
would require the very sizable investment 
total of $548 million.‘ 


Methodology and Data 


Methods used in this study resemble those 
employed in the original PPI study, with two 
important exceptions: (1) labor costs are 
evaluated at an empirically estimated shadow 
price rather than at the legal minimum wage; 
and (2) optimal cropping schemes based on 
linear programming are used in this study. The 
crop schemes in the original consultants’ study 
were devised through a process linking produc- 
tion of high value crops on each project to 
neighboring markets and tending to place suf- 
ficient high value crops on each project to pay 
for its investment costs. 

In the underemployment context of North- 
eastern Brazil, it is important to use an ac- 
counting price of labor in project evaluation. 
The shadow price® of labor used here is the 





sample survey data, and national accounts. (Note, how- 
ever, that 9 percent of the irrigation investment cost would 
be “colonization” costs—workers’ housing, school build- 
ings, etc.) 

‘ This amount represents on the order of one-half of one 
year’s total investment in the Northeast (estimated as 4.9 
billion cruzeiros, or $US 1.2 billion, in 1969), although the 
irrigation investments would be phased over a decade. 
See [4, p. 22]. 

3 The shadow price does not include an increment above 
marginal value product to account for supposed: savings 
losses of labor intensive methods, as recommended for the 
industrial sector by Little and Mirrlees [7]. Such an adjust- 
ment for savings effects is inappropriate here because in 
family farm agriculture the worker is at the same time 
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weighted average of estimated marginal value 
products within farm size and product sector 
subgroups, with weights proportional to the 
percentage of labor force in each subgroup. 
This approach gives the “expected” opportunity 
cost of labor if the probability of drawing a 
worker from a given subsector is proportional 
to the subsector’s share in the labor force. 

The empirical estimate is based on produc- 
tion functions for Northeastern agricultural 
sectors previously estimated by the author.® 
The result for 1969 is a shadow price of 375 new 
cruzeiros per man-year (U.S. $89 per year), 
or only 43 percent of the minimum wage. For 
future years, 3 percent annual growth in the 
shadow price is assumed.” 

The second important methodological step 
is to select the crop mix for the irrigation proj- 
ects, using a linear programming optimization 
incorporating demand limitations. High value 
per hectare crops are required for the projects 
to pay their heavy investment costs, and yet 
these crops are “luxury” goods with limited 
markets. Exclusive utilization of these crops 
(e.g, tomatoes, grapes, melons, . pineapples) 
could result in absurdly large production levels 
relative to the national market. Therefore, a 
realistic set of demand constraints must be 
imposed on the individual goods. To obtain a 
reasonable set of constraints, the author has 
merely set 15 percent of estimated 1980 
Brazilian production of each crop as the maxi- 
mum which could be forthcoming from these 
irrigation projects without exceeding market 
demand.® Exportation is not considered.® 





entrepreneur, and the conventional savings dichotomy 
between the two is irrelevant. Furthermore, the Brazilian 
fiscal system appears sufficiently capable of extracting sav- 
ings that a consumption-savings adjustment on labor’s 
price should not be used in project analysis. 

8 See [6]. The relevant sectors are: Ceara cotton, cattle; 
Pernambuco sugar, cotton. 

7 Since marginal product equals average product times 
elasticity of output with respect to labor, if the elasticity is 
assumed constant, the marginal product will grow at the 
game rate as average product—which rose 3 percent 
annually during the 1960's, 

* 1980 production is projected with an annual growth 
rate for all products of 4.5 percent, the trend rate of the 
1960’s. The demand constraints described here differ from 
those employed in the PPI study, which were based on 
projections of “excess demand” for products from non- 
irrigated agriculture. The excess demand was calculated 
for each product by comparing demand projections (based 
on income elasticities) with non-irrigated supply projec- 
tions. A simpler method is chosen here because of the very 
unreliable nature of such excess demand projections, given 
their high degree of sensitivity to assumptions about future 
output growth for individual products. 
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The optimal crop selection program is: 
(1) Max Z= Z 2 FiXa 


t 3 


subject to 


(D È Xy< 1.75 4; (9 equations) 
i 


(3) Ds Xoqu S Oy 


(21 equations) 
(4) Xy < vy;(1.7154:— >> Xa) (89 equations). 
k 


In this model the basic activity level X4; is one 
semi-annual hectare of soil type planted to 
crop j.!° The half-year is the time unit of pro- 
duction activity because most of the crops con- 
sidered may be double-cropped in one year. 
The parameters x,; indicate the profitability 
per semi-annual hectare of crop ij defined as: 


(5) 


where g:;;= yield per hectare of crop ïj on soil 4, 
and P; is price to the farmer per ton of crop 
j- C;* is current cost of per-hectare inputs of 
labor, machinery services, animal power, and 
intermediate inputs, with labor evaluated at the 
initial shadow price.!? 

Equation (2) contains the land and crop- 
intensity constraints: total semi-annual hec- 
tares activity on soil ¢ may not exceed 1.75 times 
physical area available in that soil (A,).™ 
Equation (3) is the demand constraint: total 
production of good 7 is the sum over all soil 
types of semi-annual hectares in crop j times 


Tiy = gigPs — CF 


3 The virtual non-existence of present exports in most of 
the “luxury crops” of importance means that marketing 
networks abroad for these goods cannot be assumed to be 
available. 

10 Nine soil types are considered: U, S. Bureau of Recla- 
mation classifications 2s, 2d, 2st, 3s, 3}, 3d-3dk, 3sd, 3st, 
and 4d. 

H Note that the price used is constant, independent of 
production level. Imposition of the demand constraint per- 
mits the assumption of constant real prices. 

8 For crops requiring a full year for production (including 
tree crops), the yield gs; is one-half nominal yield, for con- 
sistency with the specification of semi-annual hectare pro- 
duction units. Furthermore, for perennial crops, both yield 
qi; and current cost C;* are based on annualized values 
with present value (under 10 percent discounting) equal to 
that anticipated over the product life cycle, to account for 
variable yields (initially zero) and variable costs (includ- 
ing heavy initial investment costs) over the cycle. 

u Complete double-cropping would raise the crop in- 
tensity multiple to 2, for two semi-annual hectares of pro- 
duction per year. 
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respective yields, and this sum may not exceed 
the demand constraint Oj. Equation (4) is the 
rotation constraint, requiring that no more than 
a given fraction y; of any area free for rotation 
may be planted in cropj. Since area in perennial 
crops is ineligible for rotation, it is excluded 
[ie., the last element in equation (4) where 
subscript & refers to perennial crops]. 

` Once the solution to the above programming 
problem is obtained, the resulting optimal crop 
mix is known for any given soil type from the 
percentage composition of optimal semi-annual 
hectare activities X; on that soil (4). 

The final cost benefit calculation for each 

project is: 


PVBN — (PVM + PVR 


+ PVO — PVD) 
PVI 


where BCR=benefit/cost ratio; PV BN = pres- 
ent value of production benefits net of current 
costs; PVM =present value of the stream of 
project maintenance costs; PV R= present value 
of reinvestments for equipment with life shorter 
than the project life (50 years); PVO = present 
value of land opportunity cost; PV D= present 
value of salvaged installations and equipment 
at end of project life; and PVIJ=present value 
of the stream of project investments in dams, 
pump equipment, drainage system channels, 
farm machinery, buildings, and roads (in most 
cases spaced over a period of four or five years).14 
Of these elements, only the term PYBN re- 
quires further description. 


(O) PVBN = [1/1 +99] XS ae. 


(6) BCR = 


In this calculation, the present value of out- 
put benefits less current costs is strictly de- 
termined from aggregate area of soil type (a,), 


u Note that the costs PVM, PVR, and PVO are deducted 
from the numerator rather than added into the denomi- 
nator. Decision making based on the benefit/cost ratio 
maximizes the numerator relative to the denominator. 
Since PVM, PVR, and PVO are future costs whereas PVI 
is initial investment, it is most appropriate to maximize 
with respect to PVI and to treat PVM, PVR, and PVO by 
netting them out of the numerator to obtain net future 
benefits—just as intermediate input costs of future pro- 
duction are netted out in calculating future benefits rather 
than being included in the denominator of the benefit/cost 
ratio. Note further that at the present stage of planning 
the exact incidence of these various costs between the gov- 
ernment and farmers is unclear. 
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“average year of start-up” (#),!§ and a param- 
eter x;* showing present value of profitability 
per physical hectare of soil į for a time span of 
50 years beginning in year 1. The discount rate 
isr. 

The parameter r;* is calculated as: 


= 1.75 > Aij 
j 
(8) y: 
| £ 1.08 P;gij aga Cji = a 
teal (1+ r)t 


where Az is the fraction of soil 4 cultivated in 
crop j in the optimal crop selection from the 
programming solution; P; is the price per ton 
of crop 7; and qi; is the yield in tons per semi- 
annual hectare for crop 7 on soil # in year # of 
a standardized 50 year life beginning in year 1 
(constant overall ¢ for non-perennial crops). 
Cj: is the current cost per semi-annual hectare 
of crop j in year t; and AJ, is agricultural in- 
vestment in crop j in year ¢ (applicable only in 
the beginning of the life cycle of perennial 
crops). The entire expression is multiplied by 
1.75, the cropping density factor. 

Once the benefit/cost ratios are calculated, 
some of the projects are found unfavorable. 
Therefore parts of the quotas of high value 
crops remain unused. The next step is to con- 
centrate these unused crops onto the projects 
approved in the “first round” (replacing some 
lower value crops), thereby raising their prof- 
itability still further. The final step is then to 
allocate the high value crops still below full 
quota use onto the rejected projects, in order 
of ascending “present value of investment and 
maintenance costs” per project area for each 
project. The final optimal set of projects is 
obtained when no more rejected projects can be 
turned positive—because their investment costs 
are high and because most of the high value 
crop quotas are exhausted,!” 


For example, if one-fifth of the project area is to be 
executed in each of the first five years, the average start-up 
year # is three. 

18 This is multiplied by 1.08, the net effect of a 10 percent 
reduction to capture the delayed attainment of full yields 
during the learning process for the farmers, and an 18 per- 
cent write-up for indirect agricultural taxes. (Social bene- 
fits must be evaluated at price cum indirect tax—to reflect 
scarcity value to the consumer—whereas product price to 
the farmer excludes indirect tax.) 

In Table 1 below, all projects with benefit/cost ratios 
above unity (on the 10 percent, shadow price of labor 
basis) are among the set successful on the first round, 
except for Boacica and Rio Grande. 
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` Table 1. Benefit cost ratios: selected irrigation project proposals, Northeastern Brazil 
Investment? Benefit/Cost Ratios® 
; Area (Million 
Project States (hectares) Cruzeiros 10percent 10percent 15 percent 15 percent 
of Nov. 1969) M S M S 

Aires de Souza CE 1450 18.2 3.04 3.23 1.91 2.06 
Araras CE 5000 63.7 1.70 1.84 0.99 1.09 
Baixo Acu RN 8000 127.0 1.76 1.91 1.03 1.13 
Baixo Jaquaribe CE 8400 104.7 1.13 1.24 0.68 0.77 
Boacica AL 4100 30.8 0.88 1.01 0.64 0.75 
Ceará Mirim CE 3320 42.0 2.47 2.64 1.53 1.66 
Coreau CE 2550 43.1 1.42 1.53 0.84 0.92 
Corrente-Correntina BA 10000 115.5 2.41 2.60 1.81 1.38 
Corrente-Formosa BA 7000 85.9 2.44 2.62 1.37 1.49 - 
Curu-Paraipaba CE 7000 133.8 0.56 0.66 0.30 0.37 
Itapicuru BA 9000 86.9 3.96 4.26 2.29 2.50 
Jequitaf MG 6300 112.1 0.40 0.48 0.18 0.23 
Jequitaf-Pirapora MG 6800 85.5 0.38 0.53 0.13 0.23 

eiro PI 13000 135.0 1.43 1.56. 0.77 0.86 
Marituba AL 10000 89.0 0.36 0.43 0.14 0.19 
Petrolina PA I PE 6024 84.4 —0.18 —0.15 —0.41 —0.39 
Rio Grande BA 8000 109.0 1.22 1.35 0.49 0.56 
Sistema BA BA 5800 80.8 —0.19 —0.16 —0.45 —0.44 
Sistema BB BA 6400 101.5 —0.30 —0.27 —0.50 —0.48 
Sistema BC BA 2250 30.0 0.95 1.05 0.54 0.61 
Sistema PA IT PE 7200 101.9 —0.21 0.18 —0.46 —0.44 
Sistema PD PE 6500 89.2 0.86 0.98 0.32 0.40 
Sistema PG PE 5800 95.6 0.54 0.64 0.14 0.20 
Vaza Barris BA 2750 24.0 3.89 4.20 2.40 2.62 


a State: AL = Alagoas, BA=Bahia, CE = Ceará, MG = Minas Gerais, PE= Pernambuco, PI= Piaui, RN = Rio Grande 


do Norte. 


b Investment: Note that exchange rate in Nov. 1969 was 4.265 cruzieros/dollar. 
° Benefit/Cost ratios: 10 percent or 15 percent=discount rate; M= market cost of labor, S= shadow pricing of labor. > 


The basic discount rate used in the analysis 
is 10 percent per annum. For sensitivity analy- 
sis, a rate of 15 percent is used as well. This 
range is commonly held appropriate for a 
country at Brazil’s stage of development. 18 

Data for the study were obtained primarily 
from the Tahal and Sondotenica consulting 
firms which have analyzed irrigation policy for 
the Brazilian Ministry of Interior. Their data 
in turn were compiled from prior feasibility 
studies for some projects and estimated di- 


18 See [7, p- 184]. Note that further adjustments for 
divergence between social and private costs and benefits 
are omitted from the analysis. Due to lack of detailed data 
on imported equipment costs for each project, no adjust- 
ment is made for import costs, although a shadow price of 
foreign exchange of some 25 percent above the official rate 
might be justifiable in view of Brazilian protection rates 
[1]. On the other hand, the analysis also omits the indirect 
economic benefit of induced value added in processing and 
distribution activities, in excess of opportunity cost of fac- 
tors to be employed in these activities (especially labor 
costs). The analysis excludes certain infrastructure costs 
(such as education, health, and housing facilities) on 
grounds that they would have to be incurred by the gov- 
ernment even in absence of the project, or that their bene- 
fits definitionally equal their costs. 


rectly for others. Crop yields were cross-checked 
with data from experiment stations; prices were 
compared to those in available crop price re- 
ports. Minor revisions in yields and prices have 
been made where necessary. Demand constraint 
data are based on standard Brazilian crop pro- 
duction statistics [2]. 


Results 


Table 1 presents the benefit-cost ratios for 
the 24 irrigation projects examined. With a 
discount rate of 10 percent per annum and us- 
ing a shadow price on labor, 14 of the projects 
have benefit-cost ratios above unity. Their ag- 
gregate area (84,820 hectares) represents 55 
percent of the area of the full set of 24 projects 
for which calculations were made. If it is as- 
sumed that a similar proportion of the remain- 
ing projects not examined directly}? would be 
found favorable, the aggregate result would be 
that favorable Northeastern irrigation pro- 
posals reach a total of 108,000 hectares with 


3 Absence of certain data precluded application of the 
analysis to projects totaling approximately 50,000 hectares, 
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investment cost of U.S. $305 million and annual 


employment of 64,000 workers (at full installa- 


tion). 

The difference between these results and 
those of the PPI study is primarily due to the 
fact that the linear programming optimal crop 
selection used here concentrates high value 
crops on the best soils. The original consultants’ 
results are based on wider dispersion of high 

. value crops over a large number of projects— 
turning more projects marginally profitable but 
lowering the excess of total benefits over costs 
for the projects considered in the aggregate. 

With respect to shadow pricing of labor, it is 
noteworthy that of the 14 projects only two are 
favorable under shadow labor pricing but un- 
favorable under market (minimum wage) pric- 
ing. For all of the projects, shadow pricing of 
labor affects the benefit-cost ratios only margin- 
ally. Rather than implying that labor shadow 
pricing is unnecessary generally for project 
analysis in Brazil’s Northeast, this result re- 
flects the basic capital intensity of these 

projects. 

The most important influence in the analysis 
is the time discount rate. At 15 percent dis- 
counting, of the 24 projects examined directly 


only 8 are favorable, representing only 30 per- - 


cent of the aggregate project area and slightly 
more than half the area found favorable with 
10 percent discounting. 

Another feature of the results is their de- 
pendence on soil type. Almost all the projects 
with the better soils (2s, 2d, 2st) are found favor- 
able under 10 percent discounting, while the 
projects dominated by the poorest soils (3s, 3st, 
4d) are rejected under all criteria. While not 
surprising, this pattern does diverge from the 
original PPI results. 

Concerning the crop patterns on the projects, 
the set of projects found favorable is dominated 
by the following products: potatoes (22 percent 
of output value), peanuts (20 percent), grapes 
(14 percent), beans (10 percent), tomatoes (9 
percent), and pineapples (5 percent). All these 
except potatoes and beans represent full ex- 
haustion of the quotas set as demand con- 
straints. 

Conclusion 

The conclusion of this study is that slightly 
over half of the proposed area for irrigation in 
Brazil’s Northeast appears to merit project ap- 
proval from the ‘standpoint of cost-benefit 
analysis, discounting at the reasonable rate of 
10 percent per annum and imposing feasible 
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demand constraints on individual crops. How- 
ever, the projects do not offer a major solution 
to rural poverty in the Northeast since they 
would provide employment for only 64,000 
workers, or less than 2 percent of the region’s 
rural labor force. 

In view of the limited employment prospects 
of the proposed projects, two caveats are in 
order. First, it is essential that the projects re- 
tain at least the degree of labor intensity con- 
tained in their originally anticipated small farm 
structure underlying the calculations presented 
here. There now appears to be some possibility 
that after completion the project areas would 
be sold to large agricultural enterprises, to 
minimize the government’s institutional bur- 
dens. Such a revision would concentrate the 
benefits of the projects into the hands of an 
even smaller group and would have regressive 
income distributional implications.2° Second, 
to the extent that the Brazilian government 
has at its disposal proposals for other projects 
(in agriculture or other sectors) yielding a re- 
turn of 10 percent but having lower capital/ 
labor ratios, consideration might be given to 
allocating investment funds to these other 
projects prior to committing funds to irrigation 
projects found favorable here.*! In this case the 
logical approach would be to shorten the list of 
favorable projects by choosing those with the 
highest benefit/cost ratios first and to approve 
the remainder of the list only if investment 
funds remained unexhausted after allocation to 
more labor intensive investments with com- 
parable rates of return.?? 


® Note that some of the major irrigation proposals for 
the South of Brazil (notably in Camaqua, Rio Grande do 
Sul) are already planned to benefit an existing structure of 
very large farms. For many of the Northeastern projects, in 
contrast, the areas to be benefited are either already in 
small farm structures or are largely vacant lands; these 
projects, therefore, represent an opportunity for public 
investment with benefits which would not be constrained to 
follow skewed distribution imposed by pre-existing farm 
structure, 5 

31 Similarly, consideration could be given to labor inten- 
sive projects with return below 10 percent. However, 
choice of. such projects would require explicit welfare func- 
tion weights on employment objectives, whereas preference 
for more labor intensive projects with rates of return equal 
to those of favorable irrigation projects identified here 
would require no such welfare weights. 

2 The subgroup of projects found favorable at a 15 per- 
cent discount rate provides a first indication of an ap- 
propriately shortened list. Furthermore, since the time pro- 
files of the various projects are comparable, there is little 
danger that this approach would unduly discriminate in 
favor of projects with early benefits. 
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Joint Ventures and Family Labor Sized Farms* 
Kenneto R. Krause 


Family labor sized farmers are experimenting with joint ventures to improve their incomes and 
staying power. Joint ventures supplement but do not replace existing cooperatives. Joint ven- 
tures are defined and conditions for success are suggested. Research and educational activities, 
particularly for extension economists, are discussed. 


joint ventures as a means of improving 
the staying power of family labor sized 
farms and also suggests ways in which agricul- 
tural economists, through research and educa- 
tional efforts, can assist family labor sized 
farmers in using joint ventures.! The note spe- 
cifically focuses on those farmers whose labor 
and management income is similar to that of 
middle management people in other industries." 
Recent large farm studies suggest that farm 
firms can become much larger than was thought 
possible a few years ago.* However, until suf- 
ficient economic and social indicators clearly 
show that a few large farms would better service 
society than many family labor sized farms, 
agricultural economists, especially extension 
specialists, can perform a needed service by 
helping to improve the staying power of family 
labor sized farms. 
Joint ventures between farmers and between 
farmers and nonfarm investors appear to be in- 


"Tis note advances some arguments about 


* Appreciation is expressed for review and suggestions 
made by Charles Beer, George Coffman, Leonard Kyle, 
Paul Nelson, John Penson, William Scofield, and Gaylord 
Worden. The views and opinions expressed are those of the 
author and do not necessarily represent the views of the 
U. S. Department of Agriculture. 

1The many additional research and education activities 
‘and public programs that can have an impact on farm 
income and its distribution and on individual farm firm 
survival and growth are beyond the scope of this note. 

2 Extension economists often refer to this group of 
farmers whose gross sales fall in the $20,000-$100,000 cate- 
gory as “viable family farmers.” Young farmers who lack 
sufficient resources to move out of low income situations, 
however, could be assisted by joint ventures. 

2 Over three-fourths of the current larger than family 
labor sized corn and wheat farms have been developed in 
the last decade and are not historical accidents that result 
from wealthy individuals buying large acreages of land 
decades ago and holding it together. While large farms will 
continue to increase in importance, they will not likely 
dominate production in the foreseeable future. Most new 
larger than family labor sized farms will evolve through 
consolidation and growth of present family labor sized 
farms [2, 3]. 
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creasing. The potential impact of widespread 
use of joint ventures among family labor sized 
farms could be substantial. If joint ventures 
developed to the extent that most family labor 
sized farms could obtain the same internal and 
external economies of size that very large farms 
obtain, about the same relative distribution of 
number and sizes of farm firms could be ex- 
pected as now exist. However, some decrease in 
absolute numbers in each economic size group 
would likely continue to occur as some farm 
assets, particularly real estate, are transferred 
to nonfarm uses. Strengthened staying power of 
family farms could also serve to discourage 
large vertical and horizontally integrated non- 
farm firms from starting to engage in farm pro- 
duction. Family farms may, however, enter into 
contract production agreements with agricul- 
tural processing firms and through joint ven- 
tures reduce production and product price risks 
and improve their staying power. 


Joint Ventures in Agriculture 


A joint venture can be defined as two or more 
people or firms (proprietors, partnerships, etc.) 
who come together for a specific economic pur- 
pose, creating a new legal entity in addition to 
retaining their previous legal entities. Joint 
ventures involve joint sharing of risks and in- 
come in proportion to the percentage owner- 
ship of assets owned in common. The joint ven- 
ture may or may not be engaged in the same 
economic activities in which individual mem- 


- bers are engaged. The specific form of legal 


business organization (general or limited part- 
nership, sub-Chapter C or S corporations or 
cooperative) adopted by the participants de- 
pends on the nature of the joint venture, on the 
readiness of members to assume risks, and on 
their net worths and personal objectives. 

A typical landlord-tenant lease arrangement, 
for example, i is not a joint venture as defined in 
this note since a tenant does not typically 
maintain a separate legal entity [7]. In some 
cases, owner-operators who rent additional 
farming resources may create a joint venture by 
doing so. An acquisition of one firm by another 
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usually does not constitute a joint venture since 
the acquisition is a takeover of an on-going firm 
for a specific purpose, and the firm which is 
acquired ceases to exist. 

Recent joint ventures appear to be taking on 
more formal arrangements. Increased awareness 
of legal liability, income tax reporting, and the 


use of credit are among factors that are en- 


couraging farmers to formalize their joint ac- 
tivities. In addition, formal cooperatives that 
involve large numbers of farmers have increased 
in importance. Joint ventures between farmers 
and nonfarm investors or between nonfarm in- 
vestors alone appear to be increasing [6]. 


Requirements of joint ventures 


Joint ventures can succeed where economic 
needs and benefits can clearly be shown [5]. 
Most successful joint ventures involve the 
pooling of specific resources to permit special- 
ization of the participant’s labor and manage- 
ment contribution, obtaining joint control of 
resources, and improving the overall manage- 
ment and entrepreneurship of the joint venture 
participants. Some ventures require little re- 
structuring of the participant’s individual farm 
businesses, such as those formed to generate 
sufficient volume in order for participants to 
obtain a lower input purchase price or a higher 
selling price. Joint experimentation with seed 
varieties, fertilizer, new crops, livestock breed- 
ing, or machinery design can also be developed 
to help select or suggest improvements in the 


inputs used in individual farm businesses. These, 


types of joint ventures obviously do not fall into 
specific categories. 

Other joint ventures require specific business 
structures or the restructuring of existing farm 
businesses. For example, farmers specializing in 
grain production may join with firms specializ- 
ing in livestock fattening and provide livestock 
feed inputs. Both would share in the manage- 
ment and entrepreneurship of the new firm with 
the objective of production and marketing of 
livestock. Another example might be several 
farm owners pooling all or part of their real 
estate assets in order to develop a large enough 
unit to attract a professional operator. In this 
way the owners might be able to obtain some of 
the internal economies and volume buying and 


+The use of a specific definition of a joint venture for 
purposes of this paper should not be interpreted as though 
the author intends to imply that large payoffs from research 
and extension efforts cannot be made from improving 
existing tenant and landlord leases, or from combining 
farms or from assisting farmers in leasing or hiring machine 
services or livestock. 
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selling advantages possible from a large scale 
operation. Each piece of real estate would be 
valued and common ownership established. 
Each contributor would lose title to his own 
property but would gain a percentage owner- 
ship of the combined real estate. 

Joint farm production ventures can also in- 
volve nonfarmers such as active or retired 
businessmen who may have access to extra 
capital or under-utilized management abilities ' 
which could be productively employed in a 
joint venture. Nonfarm businessmen could find 
new business profit centers by, for example, 
providing machinery and equipment services to . 
farmers and thus creating a new legal entity. 
Also, nonfarm businessmen in a high Federal 
income tax bracket might obtain some income 
tax deductions through joint ownership of ma- 
chines and equipment and pass some of the 
benefits of the reduced tax costs on to the 
farmer-participants in the new organization. 

In some cases existing tenant and landlord 
farming operations may provide a start toward 
substantive joint ventures. This is particularly 
the case where landlords have access to addi- 
tional capital and could enter into joint owner- 
ship of machines and livestock with the farm 
operator. Landlords may be able, where neces- 
sary, to provide more management inputs 
themselves or hire the services of professional 
managers to complement their added capital 
inputs. 

Joint ventures can encounter difficulties and 
thus not succeed in obtaining their full eco- 
nomic potential if farmers insist upon maintain- 
ing individual identity and do not try to com- | 
promise to arrive at a group decision. Thus, an 
important ingredient to success of a joint ven- 
ture is the individual participant’s commitment 
to abide by the group decision. This involves 
surrendering some individual sovereignty to 
the group—something which some family labor 
sized farmers may continue to be reluctant to 
do. This is particularly the case if their produc- 
tion and marketing practices would be directly 
affected. However, the type of joint ventures 
affecting only purchase and sales practices de- 
cisions might be easier for family labor sized 
farmers to accept than those involving their 
entire farm business. For instance, joint pur- 
chase of fertilizers or crop chemicals requires 
little modification of operational decisions while 
a joint dairy cow milking venture may involve 
major change since part of the labor and man- 
agement input may be provided by other than 
the individual participants in the joint venture. 
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Achievement of goals 


There is increasing interest among farm 
leaders in developing enabling legislation to al- 
low farmers to bargain collectively with pur- 
chasers of their products. If such legislation 
allows small groups of family labor sized farm- 
ers to bargain with processors, farmers could de- 
velop joint ventures to do so. Several variations 
. could evolve with the simplest being a small 
group of family labor sized farmers who join to- 
gether in a new legal entity to agree on a price 
for the product that each produces. More com- 
plex forms involve each farmer agreeing on a 
production quota in order to participate in the 
joint venture and may also involve storage of 
excess production for future sale. 

Individual farmers may be unable to over- 
come some of the new environmental stand- 
ards, particularly with respect to animal waste 
pollution. The cost of meeting the new public 
requirements may exceed the potential returns 
from an existing enterprise. In such cases, indi- 
vidual farmers may abandon their own live- 
stock facilities and through joint ventures with 
other farmers construct new facilities that meet 
environmental standards and that also can gen- 
erate acceptable returns on the investment. 

The potential to expand agricultural output 
and processing exists in many rural communi- 
ties and can serve as a basis for increasing em- 
ployment opportunities and rural income. Thus, 
several of the possible joint ventures that are 
mentioned in this note can be considered as 
rural development efforts as well as efforts to 
assist family labor sized farmers. 


Number and Type of Participants 

One prerequisite for joint venture success is a 
thorough analysis of input and product mar- 
kets. Maximum discounts on purchased inputs 
such as the same or similar analysis fertilizer 
may depend on the volume and timing of the 
purchase rather than on total dollar purchase. 
Large volume procurers of farm products like- 
wise may be willing to pay premiums to obtain 
a large volume and uniform quality at specified 
times. Given that similar specification is critical 
to volume buying and selling advantages, simi- 
lar sized farms that specialize in similar type 
production appear to have the greatest oppor- 
tunities to succeed with buying and selling 
joint ventures. Small and family sized farmers 
often do not specialize in one or two farm prod- 
ucts, and their needs are different from special- 
ized large farms. Joint ventures could be help- 
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ful for small and socially and economically dis- 
advantaged farmers but, since their abilities 
and motivations are substantially different from 
commercial sized farmers, extensive public help 
may be needed to improve their economic po- 
sitions [4]. 

The number of participants in most joint 
ventures of the type suggested here probably 
would be quite small in most cases, usually 
under 10 participants. Opportunities such as 
extra discounts on purchased inputs or pre- 
miums for volume sales develop rather rapidly 
and have a short opportunity life. If full group 
participation is required to capitalize on such 
opportunities, the group needs to be relatively 
small in order to make group decisions quickly, 

Ten 500 acre or five 1,000 acre feed grain pro- 
ducers in the Midwest should be able to obtain 
most of the buying, conditioning, storage, and 
selling advantages that are possible [1,3]. A 
joint venture with fewer participants or a 
smaller volume could be successful if a manager 
is employed who is highly skilled in buying and 
selling negotiations. In fact, only two farmer 
participants may be necessary in joint venture 
activities involving custom machine services, 
conditioning, storage, or livestock raising or 
fattening. 


Management and Organization 


Joint venture participation need not imply 
that family farmers should diversify or that 
diversification of management or addition of 
enterprises to the farmer’s portfolio of assets is 
more profitable than specialization. Depending 
on the type of joint venture and how it is 
operated, individual farmer participants may 
be able to become more specialized or to di- 
versify. For example, if a farmer enters into 
either an “input buying” or “grain conditioning 
and storage” joint venture, he may be selected 
as the manager of the venture, in which case he 
would be diversifying his management. If he is 
only a participant and someone else manages 
the venture, the non-manager participants may 
be able to specialize their talents more in grain 
production and spend less energy in buying, 
conditioning, and storage activities. A farmer 
may diversify by entering a new joint venture, 
e.g., a cash grain farmer may enter a new cow 
milking venture where he may be the manager 
or provide some of the feed input from his own 
grain production. 

The leadership may come from one or all 
joint venture participants. Where several ac- 
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tivities are involved in a joint venture, indi- 
vidual participants may each be responsible and 
provide the leadership for one activity. If the 
potential economic benefits are large enough 
and members of the joint venture lack the 
necessary time or expertise, a part-time or full- 
time manager may be hired to provide the nec- 
essary leadership subject to the participants’ 
control. In some cases, a family labor sized 
farmer who is not fully employed but who 
possesses management, negotiating, and service 
skills may be employed to manage the venture. 
Farm representatives employed by commercial 
banks and farm business associations may also 
be useful leaders and directors of joint ventures. 

Management decision rules need to be fully 
developed and agreed upon by all participants 
in formal joint ventures. Such rules are neces- 
sary to provide guidance when disagreements 
develop among members and when it would be 
to a particular member’s advantage not to par- 
ticipate in a particular activity at a given time 
but yet a disadvantage to the entire member- 
ship if he did not participate. 


Low Income Farmers 


Development of institutional arrangements 
and educational activities for low income farm- 
ers is receiving more attention among agricul- 
tural economists. Since there are several subsets 
of low income farmers, an unqualified answer 
should not be given on the advisability of using 
joint ventures to solve low income problems 
[4]. However, given the definition of a joint 
venture used in this note, low income farmers 
would need some assets that they could put into 
a new joint venture in order for a joint venture 
to be created and to exist long enough for par- 
ticipants to benefit substantially. 

One subset of low income farmers who can 
benefit from joint ventures without special pub- 
lic assistance are the younger or beginning 
farmers who lack sufficient resources to move 
rapidly out of low income situations. Such 
farmers could, for example, enter into joint 
ventures with and be helped especially by non- 
farmers who have extra capital or underutilized 
management. 

Low income farmers of any age who have 
management ability that has not been de- 
veloped can be helped through intensive public 
education efforts. An efficient use of public re- 
sources may be to use, for instance, extension, 
Farmers Home Administration, or Bureau of 
Indian Affairs personnel as managers of joint 
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ventures. Such personnel would thus be helping 
farmers to make decisions while teaching in real 
farm business decision settings and reaching the 
several farmers who would be members of such 
ventures. i 

Joint ventures should probably not be en- 
couraged for older low income farmers or those 
who lack the ability to work with other farmers. 
Older, low income farmers often do not desire 
higher incomes and expect to survive at least in ` 
part from Social Security income. About two- 
thirds of the low income farm families who re- 
ceive credit from the Farmers Home Adminis- 
tration have severe personality problems that 
are impediments to increasing their income [4]. 
Intensive individual supervision from the 
Farmers Home Administration is necessary for 
such farm families and especially in cases where 


_ other lines of employment are not possible. 


Assisting Joint Ventures 


Developing feasibility studies, guidance pub- 
lications, and operational consultation for farm 
joint ventures is outside the emerging domain 
of many agricultural economists [2, pp. 757- 
759]. However, applied research-extension per- 
sonnel in land grant universities, private indus- 
try, and foundations may find that research and 
educational activities on joint ventures pro- 
vide a relatively new challenge. Public re- 
search and education expenditures on joint 
ventures can, at least in part, be defended on 
the basis that very little information is avail- 
able on the opportunities and problems for 
family labor sized farm joint ventures. 

The potential for joint ventures exists in most 
states and economic regions and is not limited 
to particular commodities or types of farm 
businesses. Thus, a useful way to start studying 
joint ventures is to form a task force or team of 
land grant school and other agricultural econo- 
mists at the state, regional, or national level. 
Since joint ventures involve legal, accounting, 
tax, and personality problems, expertise from 
several fields would be useful in studying joint 
venture problems and in providing educational 
assistance. Thus, the inclusion of people with, 
legal, accounting, industrial psychology, and 
management systems training and’ experience 
from schools of business and finance at the out- 
set of the team effort would be useful. 

The task force or team would begin with con- 
ceptualization and determine what is known 
about joint ventures, what needs to be known, 
what is working now, what has been tried, and 
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what has failed. Analysis of firm growth that 
has been achieved by joint ventures and by 
farmers who have not used them should be use- 
ful in determining the magnitude of public and 
private resources that should focus on joint 
ventures. 

As part of a`general effort to determine what 
works and what are potential problems, analysis 
of joint ventures outside the farm sector should 

` be undertaken too. From such preliminary ef- 
forts, target groups of potential joint venture 
farmers could. be identified. A second phase 
would include developing task forces or teams 
with specific research and education objectives 
.to carry out the objectives. In addition, publicly 
supported consultation needs for farmer joint 
ventures could be determined. 


Joint Ventures and Established Cooperatives 


Theoretically, the existing systems of farmer 
cooperatives are joint ventures since they are a 
separate legal entity that two or more farmers 
created. They provide farmers with low cost 
purchased inputs and some custom services. 
Cooperatives help farmers by providing aggre- 
gate'clout at the manufacturer and processing 
level and in state and national public policy 
areas and thus fulfill a useful role. Existing co- 
operatives may help farmers to obtain rela- 
tively low average input costs or higher average 
market prices or to obtain some custom services 
that would not otherwise be available. How- 
ever, they are not structured to maximize eco- 
nomic returns for individual or small groups of 
farmers nor do they generally jointly share pro- 
duction or product conditioning and marketing 
risks with their members. 

When small cooperatives stock a wide range 
of inputs, they do not concentrate buying power. 
They do not necessarily concentrate service 
work since they use machines and equipment 
that will service the average member. Market- 
ing power for farm products is frequently not 
developed at the local cooperative level since 
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cooperatives often sell feed grains, for example, 
back in small job lots to local firms. Marketing 
power, however, is developed in livestock or in 
fruits and vegetables when the cooperative can 
assemble large quantities of specified products 
to sell to processors or retailers. 

Cooperatives design their policies sith some 
flexibility to serve their average member and 
often do not employ the most aggressive man- 
agement. Since the cooperative, as an organiza- 
tion, tries to obtain firm growth, it requires a 
margin of profit on its activities for growth. 
This margin is not returned directly to indi- 
vidual members. 


Summary 


The type of joint ventures used as examples 
in this paper fall between big cooperatives and 
informal buying and selling efforts of several 
farmers. Cooperatives are joint ventures in that 
members keep their own legal entities as well as 
entering into a separate legal entity—the co- 
operative. In general, joint ventures among & 
small group of farmers do not replace existing 
cooperatives but rather supplement them to 
meet farmers economic needs. A group of 
farmers, for instance, may form an input pur- 
chasing joint venture and through specification 
and quantity purchases improve their own prof- 
its but, by doing so, they do not necessarily 
weaken the existing cooperative. The joint 
venture group by taking a specified quantity of 
an input at a specified time may improve the 
technical efficiency of the input distribution 
system by reducing the number of times the 
input is handled and its storage requirements. 
If joint ventures should become strong in grain 
conditioning in a local geographic area, for 
example, they could replace this function that a 
small local cooperative provides. However, local 
cooperatives could join together to form re- 
gional grain terminals which in turn could as- 
sist local joint ventures through very large 
volume selling to processors. 
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Labor Productivity in Apple Harvesting 
Cuartes M. CUSKADEN 


Selected worker characteristics and grower management practices were analyzed by OLS 
regression to determine their relationship to the productivity of workers hand harvesting 
apples. Growers should be able to shorten harvest time by selecting workers with characteristics 
related to higher productivity and by using management practices associated with faster 


picking. o 


ANY fruit and vegetable crops grown in 
M the U. S. are harvested by seasonal 

hand labor which has traditionally 
been paid on a piecework basis. Recent reduc- 
tions in the total number of seasonal workers 
available for employment on U. S. farms [3, p. 
34] have resulted in growers experiencing the 
folowing two problems, among others: first, 
difficulty recruiting harvest labor and, second, 
lifficulty harvesting a crop during the period 
of peak quality. 


Objective and Purpose of Study 


The objective of this study was to analyze 
‘actors related to the productivity of workers 
being paid on a piece-work basis for hand 
harvesting apples. Three categories of variables 
were selected for this purpose: variables de- 
scribing worker characteristics, variables under 
the control of the grower within a harvest year, 
and variables not controllable by the grower 
within a harvest year. 

Identification of worker characteristics as- 
sociated with higher labor productivity in 
harvesting apples should aid growers in recruit- 
ing harvest workers. Utilizing practices related 
to higher labor productivity in apple harvest- 
ing should reduce the time required to harvest a 
given quantity of apples with a given number of 
workers. This should be true whether the prac- 
tice is one which can be adopted during a given 
harvest season or one which can only be in- 
cluded in longer range planning. 


Method of Analysis 


Ordinary least squares regression analysis 
was used to analyze the relationship between 
the rate at which workers harvested apples by 
hand on a piece-rate basis and selected inde- 
vendent variables. Data on 560 worker units 
icking apples by hand on a piece-rate basis 
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in Michigan were utilized in the regression 
analysis.? 

The dependent variable (Y) and the inde- 
pendent variables included in the regression 
equation were defined as follows: 


Y=bushels of apples picked per hour per 
person. 


Worker Characteristics 


Worker unit age 


Xı=1 if worker age less than 26, =0 ‘if 
worker age 26-50,? 
X2=1 if worker age over 50, =0 otherwise. 


Worker unit sex 


X3=1 if worker unit female, =0 if male, 
Xı=1 if worker unit included both male and 
female, =0 otherwise. 


Worker unit experience 
Xs=1 if less than two years apple picking 
experience, =0 if two or more years. 


Worker unit ethnic origin 


X= 1 if black worker unit, =0 if white, 
X7=1 if Mexican or Puerto Rican worker 
unit, =0 otherwise. 


Worker unit residence 
Xs=1 if Michigan resident, =0 otherwise. 


1 A worker unit consisted of one person working alone or 
two or more persons working together and pooling their 
apples. Data used in this analysis were collected in 1965 by 
the Rural Manpower Center, Michigan State University, 
and included 3,982 worker-day observations consisting of 
the number of. bushels of apples picked each day by each 
worker unit in addition to information on variables hypo- 
thesized to be related to worker productivity for each day 
[1, pp. 17-20]. 

3 Certain categories of “dummy” variables have zero 
values for all observations and were omitted in solving for 
the regression coefficients [2, 4}; 
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Variables Growers Can Control 
within Harvest Year 


Type of picking 
X =1 if all apples picked with stems on, 
=0 if apples picked without regard for 
stems. 
Degree of tree pruning 
Xio= 1 if trees well pruned, =0 otherwise, 
Xx = 1 if some to moderate tree pruning, =0 
otherwise. 
Type apple market 
Awz= 1 if apples picked for retail market, =0 
if apples picked for processing. 
Rate of pay 
Xy=rate of payment to workers per bushel 
in dollars. 
Bonus payments 


Xy= 1 if no bonus paid to workers, = 0 other- 
wise. 


Type of supervision 
Xw=1 if close supervision of pickers, =0 
if little or no supervision of pickers. 
Type of picking equipment 
Xi,=1 if metal picking equipment used, =0 
otherwise. 
Worker unit size 
Av=1 if worker picking alone, =0 other- 
wise. 
Variables not Controlled by Growers 
within Harvest Year 
Tree age 
Xıs= age of tree in years. 


Typography of orchard 
Xip=1 if orchard level to gently rolling, =0 
if orchard hilly. 
Harvest weather conditions 
X= 1 if weather conditions good, =0 other- 
wise. 
Tree spread 
X= tree spread in feet. 


Tree height 


Xn =1 if tree height over 18 feet, =0 if tree 
height 14-18 feet. 
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Table 1. Regression coefficients and stan- 


dard errors for regression equation 


Vari- Regression Standard Vari- Regression Standard 
able coefficient error able coefficient error 
Constant 14.845** 1 Xu —0.938°" 185 
Xı 0.425** 162 Xu —0.174°* 025 
X: —2.007%* 218 Xu -478* 214 
Xa —1.651** 3 u .728** 173 
X —1.281"* 317 Xu 1,343 318 
—2.093 148 An 1.292°* 
Xe —1.181** 182 Xu —0.046" 005 
Xr .146 5 Xn -743 647 
Xs —1.005" Xs —0.715** 128 
Xi 0. 806** .202 Xu —0.006* 003 
Xu —0.235 -251 Xn —0. 182 185 
Xu 464° 2090 Xm —0.138 157 
R=0. 4368 Rm0. 43i4 


5 tly different from zero at the 0.05 
Leg ignitcant different from zero at the 0.01 


ie 


Fruit size 


Xn=1 if over 175 apples per bushel, =0 
if 125-175 apples per bushel. 


Results and Implications of Analysis 


Although the proportion of variation in apple 
picking rates explained by the regression equa- 
tion was relatively low, several variables were 
significantly related to worker productivity 
(Table 1). Statistical significance does not 
necessarily imply that a variable will be 
economically important, but it should suggest 
factors which apple growers should evaluate in 
the selection of harvest workers and in the 
management of their orchards. 


Worker Characteristics 


The results suggest that the productivity of 
apple pickers differs significantly by worker age, 
sex, experience, ethnic origin, and residence. 

Workers aged 26~50 years old picked roughly 


- .5 bushel more apples per hour than younger 


workers and approximately 2 more bushels of 
apples per hour than older workers on the 
average. Male workers averaged picking over 
1.6 more bushels of apples per hour than female 
workers and over 1.2 more bushels of apples per 
hour than mixed male and female worker units.? 
Less than two years of experience picking 
apples was associated with average worker pick- 
ing rates approximately 2 bushels per hour 
slower than was two or more years of experi- 
ence. 

Picking rates of white and Mexican or Puerto 
Rican workers were not significantly different 





3 The simple correlation between X, (mixed male and 
female workers) and Xi (worker picking alone) was —0.88. 
Therefore the regression coefficients for these two variables 
should be interpreted with caution. 
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rom each other, but both these groups of 
vorkers had average picking rates over 1 bushel 
ver hour faster than black workers. Migrant 
vorkers picked about 1 more bushel of apples 
yer hour on the average than Michigan resident 
vorkers. 

Given that a grower could select only a 
imited number of. workers to harvest apples 
ind that timeliness of harvest is an important 
consideration, he should select workers with 
characteristics associated with faster picking 
‘ates. Based on the results of this study, workers 
vith the fastest picking rates can be char- 
icterized as migrant Mexican or Puerto Rican 
nales between 26 and 50 years old with at least 
-wo years of apple picking experience.‘ 


Variables Growers Can Control 
Within Harvest Year 


Several variables included in the regression 
:quation which were assumed to reflect factors 
| grower can control during an apple harvest 
eason were significantly related to apple pick- 
ng rates. 

When workers were required to pick apples 
n such a manner that stems remained on all 
.pples, their average productivity was almost 1 
vushel per hour lower than when apples were 
vicked without regard for stems. A moderate 
legree of tree pruning was associated with 
pple picking rates almost .5 bushel per hour 
ligher on the average than was little or no 
runing, but worker productivity levels in well 
uned trees were lower than in trees with 
ittle or no pruning.® Picking apples for sale on 
he retail market as fresh fruit reduced average 
pple picking rates by almost 1 bushel per hour 
elow rates achieved when apples were picked 
or processing. 

The two variables connected with payment 
harvest workers had estimated regression 
coefficients which may appear contrary to a 
riori expectations. An increase in the rate of 
vayment to workers per bushel of apples picked 
yas associated with a decrease in worker pro- 


t This statement is based on statistically significant dif- 
2rences in all cases except one. Picking rates of white 
rorker units were not significantly different from those of 
Aexican or Puerto Rican units. 

* The influence of tree pruning on the productivity of 
rorkers is difficult to assess, a priori. One would hypothe- 
ize that a well pruned tree should be easier to pick. Howe 
ver, to the extent that a high degree of pruning is associ- 
ted with an attempt to produce large, highly-colored fruit 
or the fresh market, expected productivity might be lower. 
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ductivity. Workers who received a bonus pay- 
ment for each bushel of apples harvested aver- 
aged picking approximately .5 bushel fewer 
apples per hour than those who received no such 
payment.’ 

Workers who were closely supervised picked 
roughly .75 bushel more apples per hour on the 
average than those who were not closely super- 
vised. Picking rates of workers who were 
furnished metal picking equipment averaged 
over 1 bushel per hour more than those of 
workers using canvas or other types of equip- 
ment.® And pickers who worked alone, as op- 
posed to working in groups of two or more, 
picked over one bushel more apples per hour on 
the average.!° Apple growers should be able to 
increase the productivity of their harvest labor 
by close supervision of workers, providing 
workers with metal picking equipment, and 
placement of workers so they pick individually 
instead of in groups. 

Picking apples for the fresh market and prac- 
tices associated with the production of fruit for 
this market tend to lower the productivity of 
pickers. Therefore, if harvest labor is in short 
supply, growers should consider more than the 
addition to price per bushel which the retail 
market may provide. When choosing a market 
outlet, growers should also consider the possible 


* This result may have two possible explanations. First, 
and most likely, growers commonly adjust the amount they 
offer workers for picking apples in accord with picking con- 
ditions. This variable may represent a proxy variable for 
picking difficulty based on the subjective judgments of 
growers and pickers. Second, the goal of pickers may be 
such that they desire some relatively fixed income level. 
Given this condition, pickers would be able to reduce their 
picking rates and still attain their income goal if the rate of 
payment per bushel was raised. 

7 This result may also be explained by picking difficulty. 
The bonus payment as used by most growers generally con- 
sists of a part of the total payment to workers being with- 
held until the end of the harvest season. It is designed to 
discourage workers from moving to other orchards after 
picking only that portion of the crop which yields the high- 
est labor return per hour. Interpreted in this manner, the 
bonus payment is a compensation to workers for picking 
under conditions which tend to reduce worker productivity. 

2 The degree of supervision was subjectively evaluated in 
the field. Part of the increase in worker productivity 
attributed to supervision most likely resulted from growers 
or other supervisors assisting workers with tasks such as 
moving picking crates. 

? The simple correlation between Xi, (metal picking 
equipment) and Xi (tree age) was —0.65. Therefore the 
regression coefficients for these two variables should be 
interpreted with caution. 

10 See footnote 3. 
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loss of a portion of the crop due to slower pick- 
ing rates. 


Variables not Controlled by Growers 
Within Harvest Year 


Variables included in this category do not 
appear to be as important as the previous 
category of variables for apple growers to con- 
sider in the operation of their orchards for two 
- reasons: growers cannot control a variable such 
as weather, and all other variables were either 
not statistically significant or the magnitude of 
their effect on worker productivity was negligi- 
ble. 

Both tree age! and tree spread were nega- 
tively related to the number of bushels of apples 
picked per hour by workers. These should, 
therefore, be factors for growers to consider in 
long range planning even though the magnitude 
of their effect on worker productivity was rather 
small. 


u See footnote 9. 
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Weather cannot be controlled by a grower, 
but it was significantly related to worker pro- 
ductivity., Workers picked fewer bushels of 
apples per hour under the conditions defined as 
“good” weather in this study than they did 
under weather conditions defined as “bad.”!3 

Other variables in this category were not 
significantly related to worker productivity. 





1 The empirical result of the analysis of the weather 
variable did not conform to e priori expectations. There 
may be two possible explanations for this unexpected 
result. First, the determination of what constituted “good” 
weather was made by Michigan residents who were white 
[1, p. 26]. They may not have been aware of what was con- 
sidered “good” weather by nonresidents of Michigan or 
other ethnic groups. A second possible explanation is that 
weather had no significant influence on the performance of 
a given individual but determined the make-up of the 
sample of workers observed on different days. Thus, worker 
units observed under “bad” weather conditions may have 
been only one segment of all workers observed—those who 
were regular pickers with this activity as their sole means 
of support. Part-time workers, women, and children may 
have chosen not to pick under disagreeable weather condi- 
tions. 
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Agricultural Trade Intensity: The European Markets and the U. S. 
M. K. Carney 


To examine developments in agricultural trade between countries in EEC and EFTA, the U. S., 
and an aggregate of other countries, a measure of trading intensity is calculated for years from 
1960 through 1969. Intra-EFTA trade intensified; EEC trade did not. U. S. trade with the re- 


mainder of the world intensified 


purpose of this study is to examine 
agricultural trade among members of the 
European Economic Community (EEC), 
the members of the European Free Trade As- 
sociation (EFTA), and the United States 
(U. S.), during the 1960’s.* This time period en- 
compasses both the moves toward increased 
discrimination? as the two markets imple- 
mented tariff and other commercial policies and 
the move toward décreased discrimination fol- 
lowing the Kennedy Round agreements. 
Agricultural trade? is examined using a par- 
ticular measure of trading intensity which has 
been estimated for each year from 1960 through 
1969. The intensity of trade between indi- 
vidual nations is considered, as well as the in- 
tensity of trade among groups of nations. 


Theory of Discrimination 


Recent contributions [6, 10] to the theory of 
discrimination have taken the form of general 
equilibrium analysis employing a three-country 
and two-good model. Two countries with either 
similar (each exports the same good) or dissimi- 
lar (each exports a different good with one of 
these being the collective export of the pair) 
exports engage in discrimination. Series of 
cases have been analyzed for varying circum- 
stances such as similarity and size of countries, 
capital mobility, and degree of discrimination. 
A wide range of outcomes is possible as circum- 
stances are varied. Kemp refers to the “rich 
variety” of possibilities [6, p. 123]. For exam- 
ple, in certain cases trade within, the market 
may expand, contract (even to the point of ex- 


1 Full members of EFTA are Austria, Denmark, Norway, 
Portugal, Sweden, Switzerland, and the United Kingdom. 
EEC members are Belgium-Luxembourg (reporting com- 
bined data), France, Germany, Italy, and the Netherlands. 

1 Discrimination refers to all preferential trading agree- 
ments, ie. tariffs, quotas, and other measures influencing 
trade. 

3 Agricultural trade is defined in this paper as trade in 
SITC Section 0. 
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tinction), or stay the same; trade reversal is ° 


possible. Nevertheless, it seems most likely 
that, in a multi-good world, trade within the 
area of discrimination will expand, trade be- 
tween the union and the rest of the world will 
contract, and trade among nations outside the 
union will expand,‘ all else held constant. 

The expectation for trade among EFTA, the 
EEC, the U. S., and the remainder of the 
world’ (ROW) prior to the Kennedy Round 
would be that trade within both EFTA and the 
EEC would intensify, as would trade between 
the U. S. and ROW. The intensity of trade 
would be expected to decline between EFTA 
and the EEC. Nations in EFTA and the EEC 
experience double discrimination, that is, dis- 
crimination from joining one market and thus 
being excluded from the other market. Both 
sources of discrimination are expected to have 
the same impact on trade intensity in the above 
cases. In the case of trade of each market with 
the U. S. and ROW, the expectation differs 
with the source of discrimination. For example, 
EFTA (EEC) trade with ROW and the U. S. 
should decline in intensity as a result of EFTA 
(EEC) discrimination and intensify as a result 
of EEC (EFTA) discrimination. Implementa- 
tion of the Kennedy Round, to the extent that 
EEC and EFTA discrimination was reduced, 
would be expected to reverse the impact of that 
discrimination. 

Much of the theoretical literature involving 
discrimination is set in the framework of wel- 
fare analysis focusing upon the concepts of 
trade creation or trade diversion originated by 
Viner [11]. Intensification of trade as defined in 
this paper refers to a positive rather than a 
welfare phenomenon and cannot be equated 


‘The three-country model does not permit analysis of 
trade among countries outside the union, but Meade [7, p. 
525] earlier predicted a “secondary, secondary stimulation 
of trade” among them. 

ë The remainder of the world refers to all nations other 
than the members of EFTA and EEC and the U. S. This 
terminology is used to distinguish this group from the rest 
of the world in the theoretical literature where it refers to 
all countries outside of a market. 
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with either trade creation of diversion. In fact, 
both trade creation and diversion within a 
market would result in trade intensification 
within the market. However, Kemp’s use [6] of 
the term “trade creation” closely parallels in- 
tensification as used here. 


Discriminatory Policies 


Beyond the fact that both markets set aside 
. agricultural goods for separate treatment, their 
respective policies affecting these goods have 
little in common. 


EEC 


The Common Agricultural Policy (CAP) has 
been widely publicized, in part because of the 
marathon sessions necessary in the achieving of 
it, and in part because of the fear of the dis- 
criminatory features of it. Early in 1962 the 
CAP was established in principle. It defines a 
unified or single market characterized by com- 
mon prices and without internal or external 
tariffs but a market highly protected by vari- 
able import levies. Implementation of the CAP 
has been in stages beginning in 1964. The EEC 
reached the single market stage for cereals, 
pork, eggs, poultry, and rice in 1967 [2, p. 149]. 
Single markets are defined for beef, veal, milk, 
fruits, and vegetables, oils, fats, sugar, and 
wine. Internal tariffs have been removed, and 

‘the Common External Tariff has been estab- 
lished on agricultural products exempted from 
tariff reduction but not yet subject to a com- 
mon organization of the market. 


EFTA 


Despite the exemption in the EFTA conven- 
tion of goods listed in Annexes D and E [5] 
from tariff reduction, such reduction remains 
the most important commercial policy affecting 
trade in agricultural goods in EFTA. First, the 
list of exempted foods was somewhat shorter in 
EFTA than in EEC. Frozen fish fillets (impor- 
tant for Norway), tomato paste (important for 
Portugal), and other items have been subject to 


multilateral tariff reduction since 1960. Second, . 


selective tariff reduction, that is reduction of 
tariffs by one or more but not all members has 
taken place as a result of both bilateral agree- 
ments and a Council decision in 1966. How- 
ever, the bulk of items is unaffected. 

The bilateral agreements contain non-tariff 
elements also. The importance of these ele- 
ments is difficult to assess. For example, the 
Austrians agreed to “recommend importers 
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pay increased attention” to Danish goods, and 
the Swiss agreed to grant import licenses for 
Danish pork by weights instead of pieces [4]. 


Kennedy Round 


The Kennedy Round of tariff negotiations 
was completed simultaneously with final dis- 
cussion of the CAP. The U. S., and to a lesser 
degree Denmark, were the nations most inter- 
ested in obtaining concessions for their agricul- 
tural exports. The results of negotiations with 
the EEC over agricultural goods were officially 
“more modest than the results in industry.” 
However, the U. S. State Department reported 
significant agricultural concessions from Japan, 
Canada, the UK, Scandinavia, and Switzer- 
land [3]. Tariff reductions on affected items 
began in 1968, with the U. S. reducing tariffs by 
20 percent on January 1, 1968, and European 
nations reducing tariffs by 40 percent on July 1, 
1968. The U. S. made its second 20 percent cut 
at the beginning of 1969. 


‘Method of analysis of intensity 


A measure of trading intensity developed by 
Savage and Deutsch [8] is employed. A KXK 
matrix T of actual trade for a given year is such 
that #;; is the dollar value of the ith nation’s 
export to 7 (é;=0, when +=7). From the infor- 
mation in T the hypothetical “probabilities” 
associated with nations exporting P and import- 
ing Q are estimated in an iterative process. The 
expected trade shipment moving from 7 to j 
based on origin-destination independence is 


SpiqyT, where i Æ j and T is total 
iy = world exports (imports) 

0 where i = ĵ 
S = (1 — Epig). 


T and Î are then compared and a matrix of 
trading intensity NJ created such that ni 
= 1004;;/i;, where 0<nig< œ." The measure 
thus described is an index of trading intensity 
where 100 implies that actual and expected 
trade are equal. Expected trade from i to 7 is 
based solely on the size of #’s exports and j’s 
imports. Divergences of actual trade from ex- 





6 See Savage and Deutsch [8] for elaboration of this 
method and Carney [1] for use of method examining total 
trade of EFTA, EEC, and the U. S. Taplin [9] compares 
this method with alternative methods. 

7 Savage and Deutsch used (4;—2,)/i,, which illustrates 
the similarity of this approach to a chi-square contingency 
table. 
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pected trade in the base year reflect geography, 
taste, and comparative advantage. 

When the change of intensity is used in this 
paper, it is defined as (i—i), with addi- 
tional subscripts indicating time periods. Trade 
intensifies when actual trade increases faster 
than expected trade. Since expected trade in- 
creases with the secular growth in trade, growth 
per se will not cause intensification. Similarly, a 
decline in exports per se caused by crop failure 
or strikes will not affect intensity. Change in 
intensity over time is a measure that enables 
one to compare the outcome, observed in a dy- 
namic environment, with the theoretical ex- 
pectation, set in a comparative static frame- 
work. Changes in intensity could be caused by 
a variety of factors, one of which is the imple- 
mentation of discriminatory commercial poli- 
cies. Trading intensities were also estimated for 
groups of nations such as the members of 
EFTA, the members of EEC, and others in the 
manner proposed by Savage and Deutsch. 

For this study the matrix T is 14X14 with 
the member nations of EEC and EFTA intro- 
duced individually along with the U. S. Trade 
data from Trade by Commodities, Series C, Or- 
ganization for Economic Cooperation and De- 
velopment, are used. 


Changes in intensity of trade 


The results of greatest interest are shown in 
Tables 1 and 2. The theoretical expectations in 
light of the policies implemented by the mar- 
kets are largely met during the period from 
1960 through 1969. 
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From the perspective of EEC discrimination, 
all of the results are consonant with expecta- 
tions with the possible exception of the behavior 
of intra-EEC trade itself. The intensity of this 
trade fluctuated but on balance declined. EEC 
policy appears to have encouraged autarky; 
agricultural output increased, but internal 
trade did not intensify. 

Changes in the intensity of trade flows be- 
tween EFTA and the U. S. and EFTA and, 
ROW are more compatible with EEC dis- 
crimination than with EFTA discrimination. 
Of these four trade flows, only that of EFTA 
imports from the U. S. declined in intensity, 
which would be the expected outcome of EFTA 
discrimination. Thus the lack of intensification 
of intra-EEC trade does not appear to reflect a 
non-discriminatory impact as far as nations 
outside of EEC are concerned. 

While it is difficult to attribute the intensif- 
cation of intra-EFTA trade to the sketchy agri- 
cultural arrangements within EFTA, it appears 
that the trading developments are compatible 
with the EFTA arrangements, as well as EEC 
policy. 

Trading patterns from 1967 through 1969 
would reflect any impact on trade from tariff 
cuts following Kennedy Round negotiations. 
The evidence is mixed. Trade within EEC and 
EFTA showed no clear trend, and trade be- 
tween them continued to weaken in intensity. 
Trade between each market and the U. S. was 
also mixed. U. S. exports to the UK and 
Switzerland intensified while exports to other 
EFTA members cited as granting concessions 


Table 1. Index of intensity of agricultural trade within the unions 








(expected trade = 100) 
Years 60 61 62 63 64 65 66 67 68 69 

Trade ' 

Intra-EEC 252 248 242 250 252 233 248 246 251 238 
Fra to EEC 182 190 183 204 207 199 233 236 237 245 
Ita to EEC 246 246 244 246 254 242 248 222 220 201 
Net to EEC 279 274 262 269 274 249 254 246 250 228 
B-L to EEC 341 333 316 318 319 277 277 286 298 276 
Ger to EEC 302 284 264 248 242 212 235 281 293 261 
EEC to Fra 207 180 187 221 244 220 216 218 247 245 
EEC to Ger 292 293 283 300 297 269 298 287 277 256 

Intra-EFTA 182 186 189 197 207 201 222 215 232 222 
Den to EFTA 224 232 235 239 255 246 273 269 282 275 
Nor to EFTA 150 169 161 170 183 194 188 191 217 207 
For to EFTA 87 90 101 102 114 116 135 125 143 138 
PETAtoUK 190 189 190 191 202 200 226 211 224 209 
Intra-Scan 303 366 341 362 393 406 403 442 522 535 





a Source: Trade by Commodities, Series C, OECD. See text for method of derivation and definitions of exvected trade and 


intensity index. 
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a See Table 1 note. 


declined [3]. The one consistent trend during 
this period was the intensification of trade be- 
tween the U. S. and ROW, especially U. S. 
exports to ROW. This development may re- 
flect concessions by Japan and Canada or it 
may reflect increased discrimination with the 
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Table 2. Index of intensity of agricultural trade between the unions and the rest of the world 
and within the rest of the world" 
Years 60 61 62 63 64 65 66 67 68 69 

Trade ; 

EEC to EFTA 91 91 - 9 93 89 84 82 79 71 62 
Net to EFTA 85 86 84 86 79 73 75 73 67 61 
EEC to UK 61 61 56 55 54 49 50 50 45 40 

EECtoUS - . 26 25 23 22 21 20 22 22 19 16 

EEC to ROW 67 67 66 61 60 59 56 54 54 50 

EFTA to EEC 150 144 135 141 132 117 110 103 94 84 

“Den to EEC 158 149 132 142 125 106 97 82 82 73 
EFTA to Ger 207 201 173 174 151 138 126 105 100 86 

EFTA to US 36 40 42 42 40 44 52 52 55 59 

EFTA to ROW 62 64 63 57 59 63 62 67 71 80 

US to EEC 63 75 74 67 67 72 67 63 69 50 

ROW to EEC 80 76 79 78 78 76 78 75 71 70 

US to EFTA 52 43 50 39 40 38 41 37 32 34 

ROW to EFTA 105 108 107 108 108 111 110 © 11 114 118 

US to ROW 146 144 144 152 151 157 154 165 171 191 

ROW to US 120 122 122 123 124 129 126 129 132 138 





final implementation of the CAP. The conclu- 
sion from this study is that the gloom associ- 
ated with the Kennedy Round results in agri- 
culture was not misplaced, at least through 
1969. 
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Silage-Concentrate Substitution; Effects on Milk Production and 
Income Over Feed Cost in DHIA Herds* 


D. H. Casiry 


Milk production response was determined with feed inputs and milk production converted to 
an estimated net energy basis. Differences in cow size, production, butterfat, and feed quality - 
were taken into account. The data resulted in improved explanation of output variation and 
showed the importance of silage quality on silage-concentrate substitution. 


as a source of nutrients for lactating dairy 

cows. Silage fed per cow annually in- 
creased 50 percent from 1965 to 1971 to a level 
of 12,900 pounds in Georgia DHIA herds. 
Larger herds, type of housing, labor limitations, 
and milking parlors encourage a feeding system 
in which a single ration can be group fed to all 
cows in the herd. Utilization of available 
forages in the form of silage supplemented with 
concentrates provides the opportunity to feed 
a total ration of a composition such that cows 
will be adequately fed under free choice feeding. 

Research by McCullough [6] indicated that a 
program of testing silage to determine quality, 
computing grain and protein requirements to 
fit the silage quality, and feeding one combina- 
tion of feeds free choice will increase and/or 
maintain milk production at a high level. Bath 
et al. [1] in a feeding trial found that cows fed 
rations based on least-cost concentrate mixes 
produced as well as cows fed commercial con- 
centrate mixes, indicating that substitution 
among feed ingredients within appropriate 
constraints can decrease feed cost without af- 
fecting production. - 

Many DHIA herds are fed according to re- 
commended nutrition levels with a least-cost 
combination of feedstuffs. By relating feed sub- 
stitution ratios to feed price ratios and milk 
prices, it is possible to determine the optimum 
ration for profit maximization. Heady et al. [5], 
using data from experimentally controlled feed- 
ing conditions of small groups of dairy cows, 
determined milk production functions and sub- 
stitution rates for concentrates and hay. Paris 
et al. [8] developed milk production functions 
using whole milk, fat content, skim milk, and 4 


Gs is rapidly increasing in importance 


* The author gratefully acknowledges the helpful com- 
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Journal reviewers. 
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percent fat corrected milk as dependent variables 
to show differences in the functions as related to 
milk components. 

Data from DHIA herds are used extensively 
throughout the United States for various pur- ` 
poses. However, analysts have expressed reser- 
vations with regard to the use of such data for 
purposes other than rather simplified analysis 
such as determination of averages. Reserva- 
tions are related to accuracy of the data. Based 
on 1960-1964 data, Miller ef al. [7] were doubt- 
ful that estimates of forage consumption and 
feed costs other than concentrates were worth 
the time and expense required to collect such 
data. However, DHIA data collection methods 
have been refined and are now more reliable for 
research purposes. In addition, silage has be- 
come a more important component of feed 
rations, and it should be analyzed as to produc- 
tion response, substitutability, and cost. 

This study had the following objectives: (1) 
to develop a method of adjusting DHIA feed 
and milk production data to improve their use- 
fulness in research and application; (2) to use 
the adjusted data to determine milk production 
response to several feedstuffs and the substitu- ` 
tion rates in DHIA herds; and (3) to use the 
milk production functions and price ratios of 
feedstuffs to determine factors related to in- _ 
come over feed costs. 


Data and Methods 


Data were obtained from annual summaries 
of Georgia DHIA herds for test years com- 
pleted in 1969 and 1970. Only those herds fed 
silage as one of the feeds were included in the 
analysis. Data included the annual herd aver- 
ages per cow for concentrates, silage, and hay 
consumed, days of pasture, milk production, 
butterfat test, body weight, and total feed cost 
from 530 herd records, 

Several problems were encountered in esti- 
mating production functions for milk from 
DHIA data. Feed requirement differences exist 
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because of differences in the milk production 
level, because of differences in butterfat test and 
cow weights, and due to inherent capabilities of 
individual cows to utilize feeds. In addition, 
_ feeds (especially the forages) vary substantially 
in quality among herds. 

The method used generally to adjust for 
butterfat differences in milk has been to convert 
or standardize milk for its butterfat content to 
a fat corrected milk (FCM) basis. Resulting 
milk production estimates can cause distortion 
of the original variables of milk and butterfat 
production. Adjusting for differences in the 
variables of cow weight, butterfat test, and 
milk production can be satisfied by converting 
these variables to a total feed requirement on an 
estimated net energy (ENE) basis. 

DHIA feed data now include estimates of the 
estimated net energy (ENE) value of each feed 
on the basis of actual chemical analysis and/or 
estimates by the DHIA supervisor from guide- 
lines in DHIA reference manuals [4]. There- 
fore it is possible to convert each feed to its 
ENE value. . 

For each herd used in this analysis, milk and 
butterfat production, cow weight, and feed 
inputs were converted to megacalories (Mcal) 
of net energy per year. Milk production, butter- 
fat test, and cow weight were converted by the 
following formulas [2, 8]: 


(1) NE, = 0.1321(M) + 4.964(F) 
and 
(2) NE, = 0.047(W)-75(365) 
(3) TNE = NE, + NEw 
where 
NE,= megacalories (Mcal) for milk produc- 


tion annually, 
NEw= megacalories (Mcal) for maintenance 
annually (365 days) 
TNE= total megacalories (Mcal) annually, 
` M=milk per cow annually (pounds), 
F=fat per cow annually (pounds), 
W = weight of cow (pounds). 


In the annual DHIA herd summaries, the 
percentage of ENE contributed by each of the 
four feed groups, concentrates, succulent forage 
(silages), dry forage (hay), and pasture is 
recorded. The NE contribution of each feed 
group in each herd was determined by the 
following formula: 
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(G) (0.7) 
NE; = (WNE) 
(4) PN Es 
i = i,---,M: feeds 
wheré 
NE;=Mcal net energy for each feed 
group # annually, 


G= pounds of concentrates, 
X% NE, = percentage contribution of net en- 
ergy from concentrates, 
WN E:= percentage contribution of net en- 
ergy from each feed group i. 


Since only the percentage contribution of 
ENE from each feed was available, the total 
Mca} of all feeds was determined by assigning 
concentrates a value of 0.7 Mcal per pound, 
multiplying the pounds of concentrates con- 
sumed by NE per pound, and dividing by the 
percentage contribution of NE from concen- 
trates.. 

The model used to estimate the relationship 
of selected independent variables on estimated 
Mcal of NE for milk production and main- 
tenance was of a quadratic form to allow for 
diminishing marginal rates of feed conversion.+ 
The estimating aqakog was of the following 
form: 


NE, + NEm = bo + bC + bC’? + bS 


+ bH +3;PD 
where 


NE,+NE,=milk production and mainte- 
nance in Mcal, 
C=Mcal from concentrates, 
S= Mcal from silage, 
H = Meal from hay, 
PD= Mcal from pasture. 


Income over feed cost per cow is the differ- 
ence between the value of the product and total 
feed cost. Value of the product is dependent on 
level of production and price received for milk 
which varies by butterfat test. Feed cost is a 
function of the prices and quantities of each 
feed. Milk production is a function of the level 
of feeding. In order to estimate the effects of 
feeding level, feed substitution, and price ratios 
on income over feed cost per cow, the following 





1 The original model included squared terms and interac- 
tion terms. All the coefficients that did not differ from zero 
at the 5 percent level were eliminated from the model. 
Some coefficients eliminated had unexpected signs. 
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equations were used: 


6 GI = [bo — NEw + bC + baC* + bas 
+ bH + bsPD|D 

and 

i FC = by + bC + bC? + bS + boH 
+ buPD 

and 

(8) IOFC = GI — FC 

where 


GI=gross income from milk per cow 
(dollars), 

FC= feed cost per cow (dollars), 
IOFC=income over feed cost per cow 
(dollars), 

D=price of milk per Mcal NE (dollars 
per hundredweight of milk for given 
butterfat test divided by Mcal per 
hundredweight of milk for given but- 
terfat test). 


Equation (7) was used to estimate the effect 
of each feed input on total feed costs.:An equa- 
tion of this form may be used directly with 
equation (6) to evaluate marginal rates of sub- 
stitution. 


Results 


Milk production averaged 11,730 pounds per 
cow. The average weight of the cows was 
1,160 pounds. The VE in milk production and 
maintenance requirements averaged about 
7,200 Mcal annually per cow (Table 1). Con- 
centrates showed a highly significant non-linear 
relationship to output, that is, the output in- 
creased at a decreasing rate with additional 
quantities of concentrates. All other feeds 
showed highly significant linear positive rela- 
tionships to output. The equation explained 51 
percent of the variability in milk production 
and maintenance as measured in Mcals NE. An 
equation of the same form using actual pounds 
of milk and actual pounds of feed explained 36 
percent of the variability in output [3]. Ad- 
justing feeds and production to a common ele- 
ment, ENE, increased the percent of variabil- 
ity in milk production explained by the model. 

An average of 3,405 Mcal NE were provided 


. by concentrates, 2,379 Mcal from silage, 421 . 


Mcal from hay, and 1,526 Mcal from pasture. 
The Mcal NE per hundredweight of concen- 
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Table 1. Estimated multiple regression co- 
efficients relating annual milk pro- 
duction per cow to feeds, 530 DHIA 
herds fed silage, Georgia, 1969 and 
1970 > 

Equation 5 
Factor Unit 

Mean Coefficient (6;) 
Total N MealNE 1,200.57 
Gon Meal NE — 3770. 4420, 
Concentrates (C) Meal NE 3,404.67 0.640 
a cal NE — —0. 62002976? 
Silage (S) Mci NE 2,379.32 0.3626* 
Hay (H) Meal NE 421.01 Q. 20858 
Pasture (PD) Meal NE 1,525.58 0.4149" 
R — — 0.51 
a P<0.001. 
> 0.01 <P <0.02. 


trates was a constant of 70 used for all herds. 
The weighted average Mcal NE per 100 pounds 
of silage and hay were estimated to be 16.6 and 
40, respectively. One day of pasture was esti- . 
mated to furnish 4.8 Mcal NE per 1,000 pounds 
of cow weight. It was assumed in the analysis 
that all herds received balanced rations in 
terms of mineral requirements. 

Equation (5) can be used in several ways to 
obtain additional information. The following 
adjustment makes the equation useful in pre- 
dicting milk production at constant cow 
weights: 


NE, = 


_ bC + bC’ 
(5.1) bo — NEn + bC + b: 


+ bS + bH + bP D. 


The Mcal requirement for maintenance (N En) 
for each cow weight is subtracted from the 
constant (bo). The equation can be used to 
predict milk production in terms of Mcal from 
various feeds and feeding levels. The relation- 
ships in Table 1 indicate that an increase of one 
Mcal NE of silage, hay, or pasture will result in 
an increase in milk production of Mcal NE, 
equivalents of 0.36, 0.30, and 0.41, respec- 
tively.2 At the weighted average of Mcal NE 


3 To convert NE, to pounds of milk per pound of a given 
feed, : 


Milk = V ZAST F m (WO (butterfat percent, B), 
0.1321 
therefore 
wm [a = | + {(37.5776)(B) + 1] 


and for any feed f, NZ, per unit of feed= (N Ep) (Mca? per 
unit), 
(WE,) (Mf caly) caly) 


aaa + [(37.5776)(B) + 1]. 
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Table 2. Estimated quantities of concentrate and silage for producing specified levels and 
butterfat percentages of annual milk production per cow, by cow weight* 









































Cow weight 
Concentrates t 800 Ibs. 1,200 lbs. 
Ibs Mcal NE Pounds of 3.5 percent butterfat milk 
9,000 12,000 15,000 9,000 12,000 15,000 

Mcal NE needed from silage 
2,000 1,400 59 2,640 5,222b 2,575 5,156 7,738 
4,000 2800 0 651 3,232 585 3,167 5,748 
6,000 4,200 0 0 1,564 0 1,499 4,080 
8,000 5,600 0 0 218 0 153 2,734 
` Concentrates Pounds of 4.5 percent butterfat milk 
Ibs. Mcal NE 9,000 12,000 15,000 9,000 12,000 15,000 

Mcal NE needed from silage C 
2,000 1,400 1,151 4,096 7, 3,667 6,612; 9,558 
4,000 2,800 0 23107 5,052 1,677 4,623 7,568 
6,000 4,200 0 439 3,384 96 2,955 57900 
8,000 5,600 0 0 2,038 0 1,609 4, 554 








5 Estimated from coefficients in Table 1, hay and pasture included at mean levels in all combinations. 
b Pounds of silage required for 5,000 Mcal NE and above would be beyond the capacity of the cow unless it was very 


high quality. 


of eich feed and 3.5 percent butterfat milk, 
milk production increased 0.20 pound per 
pound of silage, 0.39 pound per pound of hay, 
and 6.4 pounds per day of pasture. 

Changes in milk production from the in- 
creased concentrates depend on the level of the 
concentrate feeding. At a level of 5,000 pounds 
(3,500 Mcal-+-0.7) annually of concentrates, 
milk production increased at a rate of 0.98 
pounds per pound increase in concentrate. 

The coefficients from equation (5) were used 
to predict various feed combinations or substi- 
tutions possible in obtaining specified levels of 
milk production. It was possible to vary the 
quality of the roughages in the estimating pro- 
cedure and to determine to some extent not 
‘only the effect of substitution between feed 
groups but substitutions within a feed group, 
as well. Substitution of two feeds, holding the 
others constant at their mean values, was used 
in the estimating procedure. 

Concentrate-silage quantities for two cow 
weights, three levels of milk production, and 
two butterfat tests are shown in Table 2. For 
each level of concentrate feeding, each addi- 
tional increase of 100 pounds in cow weight re- 
quires an additional 3,789 pounds of silage 
annually (629 Mcals NE). At each level of 
concentrate feeding, each additional 100 pounds 
of milk required an additional 518 pounds of 


silage (86 Mcals NE+0.166). for 3.5 percent 
milk and an additional 590 pounds (98 Mcal 
NE) for 4.5 percent milk. 

Increasing the NE from concentrates de- 
creases the NE requirement from silage at a 
decreasing rate. For instance, increasing the VE 
from concentrate from 1,400 to 2,800 Mcals re- 
duces NE required from silage by 1,990 Mcals. 
However, increasing NE from concentrate from 
4,200 to 5,600 reduces NE requirements from 
silage by 1,346 Mcals. The pounds of silage re- 
quired can be estimated by dividing the NE 
required by the WE in silage. For example, a 
4,000 NE silage requirement would require 
26,670 pounds of silage containing 15 Mcal NE 
per hundredweight or 19,050 pounds of silage 
containing 21 Mcal NE per hundredweight. 

Marginal rates of substitution of concentrate 
for silage were estimated from the derivative of 
silage with respect to concentrate. The equa- 
tion 


aS 
— =, 1.7659 — 0.000164C 
dC 


shows the marginal rate of substitution of con- 
centrate for silage in terms of Mca NE. 
Marginal rates of substitution are the same for 
a given concentrate input regardless of cow 
weight, level of milk production, and butterfat 
test since the relationship has only a linear term 
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for silage [equation (5)]. As the level of con- 
centrate is increased, each additional unit of 
concentrate replaces less silage due to the non- 
linear relationship of concentrate on milk 
production (Table 3). Also, the substitution 
rates of concentrate for two quality levels of 
silage show the advantage of feeding a higher 
quality silage in terms of concentrate-silage 
requirements. 

With silage as the primary feed supplemented 
by concentrates, primary consideration is the 
effect of the additional silage and/or higher 
quality silage on income over feed cost. The 
economic question involved is whether the 
value of the incremental output (milk produc- 
tion) equals or exceeds the value of the incre- 
mental input (feed ration) used to obtain the 
increase in production. To estimate the effect 
of feeding level and feed cost on income over 
feed cost per cow, the results from equation (5) 
with a price factor added were used to estimate 
the value of product [equation (6)]. Equation 
(7) shows the feed cost per cow as a function of 
various feeding rates. Thus, equation (8), in- 
come over feed cost, becomes an accounting 
equation of value of product minus feed cost. 
The following equation shows the complete 
relationship: 


IOFC = [(3770.44 — NEw)(D) 


+ 0.6403(C)(D) 

— 0.00002976(C?)(D) 

+ 0.3626(S)(D) + 0.2985(H)(D) 
+ 0.4149(PD)(D)] 

—- [+ 18.6081 + 0.0589(C) 

— 0.000002(C?) + 0.0261(S) 

+ 0.0376(H) + 0.0157(PD)]. 


(8) 


With the use of partial derivatives of income 
over feed cost with respect to the various feeds, 
the points where marginal revenue from the 
various feeds are equal to marginal cost of the 
feed were determined. Partial derivatives for 
each feed were: 


Concentrates 
a(IOFC) 
(8.1) ———- = — 0.0589 + 0.000004C 
d(C) i 
+ 0.6403 D 
— 0.00005952(C) D, 
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Table 3. Estimated marginal rates of substi- 
tution between concentrates and 


silage 
Marginal rates of substitution 

Concentrates ae Silage containing? 

lbs Meal NE 15 Mcal 21 Mcal/100 
N E/100 Ibs. lbs. 
pounds 

2,000 1,400 1.5363 10.2 7.3 
4,000 2,800 1.3067 8.7 6.2 
6,000 4,200 1.0771 7.2 5.1 
8/000 53600 0.8745 5.8 4.2 





a Mcal NE of silage replaced by one additional Afcal NE from con- 
trate. 


ee Poinds of silage replaced by one additional pound of concentrate 
two quality levels of silage. 


Silage 
d(IOFC) 
(8.2) ——--—— = 0.3626D — 0.0261, 
a(S) 
Hay 
ad(IOFC) 
(8.3) ————— = 0.2985D — 0.0376, 
d(H) 
Pasture 
a(IOFC) 
(8.4) ———— = 0.4149D — 0.0157. 
ad(PD) 


At given price levels of milk, feeding addi- 
tional quantities of concentrates will decrease 
income over feed cost to a point where the 
marginal cost of the additional concentrate fed 
will equal the marginal return of the additional 
milk produced. 

Income over feed cost must also be large 
enough to cover other costs associated with pro- 
ducing milk. Therefore, milk price minus other 
costs is the net remaining to cover feed costs. 
If concentrates are fed at a level of 5,000 pounds 
annually or 3,500 Mcal NE, the net price of 
milk to cover feed costs could be as low as 
$3.24 per hundredweight before the cost of the 
concentrates added would be equal to the net 
value of the milk added. 

Concentrate prices were about 30 percent 
higher in early 1973 compared to the 1969-70 
study period. If concentrates continue to be 
fed in the same proportion to other feeds, the 
effect of the higher concentrate costs would 
be to increase the net price of milk necessary to 
cover concentrate costs to $4.20 per hundred- 
weight; the point where the cost of concen- 
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trates added would be equal to the net value of 
the milk sold. 

The partial derivatives for silage; hay, and 
pasture are constants. As long as the produc- 
tion coefficient times the milk price is greater 
than the cost coefficient for a given feed, margi- 
nal returns to silage, hay, and pasture will in- 
crease in a fixed proportion with each additional 
unit fed. 

For silage, the net milk price could be as low 
as $2.25 per hundredweight before the cost of 
silage added would be equal to the value of the 
milk added. Or, with 3.5 percent butterfat 
milk at a net price of $5.00 per hundredweight, 
silage cost would need to be greater than 
$0.0581 per Mcal NE or about $20 per ton 
before the cost of feeding additional silage ex- 
ceeds the value of milk: For hay, marginal cost 
would equal marginal returns with a net milk 
price of $3.93 per hundredweight of 3.5 percent 
milk. At a net milk price of $5.00 per hundred- 
weight, hay would need to cost more than 
$0.0478 per Mcal NE or about $38 per ton 
before the cost exceeds the value of the milk. 
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Concluding Remarks 


Milk production and feed inputs were ad- 
justed to an estimated net energy (ENE) basis. 
This allowed for differences in energy require- 
ments due to cow weight, milk production, and 
butterfat test and for differences in energy 
available from various feedstuffs relative to 
type and quality. Equating marginal rates of 
substitution of concentrate and silage to their 
price ratios shows that least cost combinations 
are at points where silage should be fed free 
choice with concentrates playing a supple- 
mentary role. 

-Based on the production coefficient for vari- 
ous feeds fed Georgia DHIA herds and current 
feed and milk prices, income over feed cost 
could be increased with increased feeding rates 
of concentrates or forages. The analysis showed 
the value of feeding increased quantities of 
silage provided the inherited ability of the cow 
to produce and/or rumen capacity has not been 
reached. The quantity of good quality silage 
required is considerably less than poor quality 
silage to produce a given level of milk. 
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Consumer Demand for Meat in Canada* 


P. Tayros anp N. TryPHONOPOULOS 


An application of Zellner’s [13] two-stage procedure is illustrated in the estimation of the para- 
meters of a system of linear, contemporaneously related demand functions for beef, veal, pork, 
lamb, and chicken meat in Canada, based on annual data for the period 1950 to 1970. 


have estimated demand functions for 
meat in Canada. Yeh [12] estimated de- 
mand functions for beef and pork, using annual 
data for the period 1929 to 1958. More recently, 
Kulshreshtha and Wilson [3] estimated the 
demand function for beef only as a part of an 
econometric model of the Canadian beef sec- 
tor, using annual data for the period 1949- 
1969.: 

In the present study, the demand functions 
for beef, veal, pork, lamb, and chicken meat are 
simultaneously estimated on the basis of an- 
nual data for the period 1954 to 1970. The per 
capita consumption of beef, veal, pork, do- 
mestic lamb, and chicken meat are the de- 
pendent variables; deflated retail prices (or 
prices indexes) and per capita deflated personal 
disposable income are the principal explanatory 
variables, Zellner’s method of estimating “‘seem- 
ingly unrelated regression equations” [13] is 
employed because of the contemporaneous cor- 
relation among the dependent variables. To 
examine the extent and degree of substitution 
among different kinds of meat, a statistical test 
(the simultaneous equations analogue of the 
familiar F-test) is used to reduce the demand 
equations by removing insignificant price and 
income variables. The implied price and in- 
come elasticities are calculated. A comparison of 
actual and predicted values shows that a large 
proportion of the variation in the demand of 
‘meat in Canada is explained by the model. 


Ts studies published in the last ten years 


Demand Equations 
Economic theory suggests that the quantity 





* The research reported in this paper is part of a study 
of the Canadian meat processing industry. We acknowledge 
with thanks the assistance of Mr. K. L. Reilly and the 
helpful comments of Professors D. E. Brewer, K. Weier- 
mair, I. C. Young, and of the reviewers of the first version 
of this paper. Any errors that remain are ours. 

1 F U. S. studies can be found in references [1, 2, 
4,9]. 


P. Tryros is assistant professor of administrative studies 
and N. TRYPHONOPOULOS fs assistant professor of economics 
at York University, Toronto. 


of a given meat product demanded at the retail 
level depends on the price of that meat product, 
the prices of other meat products, and income. 
A negative correlation can be expected be- 
tween the quantity demanded and the own 
price of the meat product; the correlation be- 
tween quantity demanded and the price of 
substitute meats is expected to be positive. 

In the absence of any a priori information 
concerning the degree of substitution among 
different meat products, it is reasonable to 
begin with a system of demand functions in 
which all meat prices and income appear as 
explanatory variables in all equations:? 


(1.1) QB; PB, PV, PL, PP, PC, PDI 
(1.2) QV; PB, PV, PL, PP, PC, PDI 
(1.3) QLD; PB, PV, PL, PP, PC, PDI, QLI 


(1.4) QP; PB, PV, PL, PP, PC, PDI 
(1.5) QC; PB, PV, PL, PP, PC, PDI, QT. 
Variables 


The variables are defined as follows. 


Dependent variables 
QB=per capita disappearance of beef, Ibs. 
[5] 


QV=per capita disappearance of veal, lbs. 
5 
QLD=per capita disappearance of domestic 


mutton and lamb, lbs. [5] 
QP =per capita disappearance of pork, lbs. 


[5] 
QC=per capita disappearance of chicken 
meat, lbs. [6]. 


Independent variables 


PB=consumer price index of beef, de- 
flated,? (1961=100) [7] 


2 A semicolon is the usual shorthand notation for “a lin- 
ear function of.” An error term is implicitly associated 
with each equation. 

? The consumer price index for Canada, all items, 1961 
= 100, [7], was used to deflate the price series for PB, PV, 
PL, PP, and PDI. 
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PV=consumer price index‘ of veal, de- 
flated, (1961= 100) [7] ; 
PL=consumer price index’ of lamb, de- 
flated, (1961= 100) [7] 
PP=consumer price index of pork, de- 
flated, (1961 = 100) [7] 
PC=retail price of chicken, deflated, cents 
per pound [7] 
QLI=per capita disappearance of imported 
mutton and lamb, pounds [5] 
QT=per capita consumption of turkey 
meat, pounds [6] 
PDI=per capita personal disposable income, 
deflated, hundreds of dollars [8]. 


In addition to meat prices and income, two 
other variables are included to capture product- 
specific substitution effects: equation (1.3) in- 
cludes the per capita consumption of imported 
lamb, and equation (1.5) includes the per 
capita consumption of turkey meat as explana- 
tory variables; quantities rather than prices 
were used because retail prices were not avail- 
able for imported lamb and turkey meat over 
the entire period. 

Ordinarily, demand functions are simul- 
taneously estimated with supply functions. A 
particular feature of the Canadian livestock 
industry will explain the absence of any supply 
considerations from the model. Because of the 
proximity and the relatively low tariffs between 
the two countries, livestock prices in Canada 
are closely related to U. S. prices. Because of its 
market size, the U. S: is the dominant partner 
in this trade relationship. If, temporarily, the 
interaction of Canadian demand and supply for 
livestock leads to a Canadian price that is 
significantly different from the U. S. price, op- 
portunities for arbitrage will give rise to exports 
or imports, as a result of which livestock prices 


i 


4 Index is based on the average retail price for Canada of 
veal, loin chop. 

5 Index is based on the average retail price for Canada of 
lamb, leg roast. 

® Certain special features of the lamb sector in Canada 
should be noted. For the past 20 years, imports of lamb, 
mainly from Australia and New Zealand, have been in- 
creasing steadily. Since 1961, the per capita consumption 
of imported lamb has been greater than the per capita con- 
sumption of domestic lamb; in 1970 the per capita consump- 
tion of imported lamb was 3.27 pounds, while that of 
domestic lamb was only 0.23 pounds. The major part of 
these imports consists of frozen lamb, which is sold at retail 
prices sufficiently low to overcome the consumers’ tradi- 
tional preference for fresh meat. Since the retail price of 
frozen lamb is not available, it is not possible to estimate 
the demand for frozen (imported) lamb. 


i 
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(adjusted for exchange rate differences) will be 
equalized. Canadian wholesale prices, in turn, 
follow livestock prices, and retail prices are 
closely related to wholesale prices. Thus, 
Canadian retail prices are determined to a large 
extent by an exogenous variable—U. S. live- 
stock prices. This feature of the Canadian live- 
stock sector can be exploited, since it allows 
separate and accurate estimates of demand and 
supply functions.’ 

When the error terms of a system of equa- 
tions are contemporaneously correlated and the 
set of explanatory variables is not the same in 
each equation, classical least-squares (OLS) is 
not an efficient method of estimation. For cor- 
related systems of linear equations in reduced 
form, Zellner’s [13] two-stage estimation pro- 
cedure (Z2SLS) is appropriate. In this proce- 
dure an estimate is first made of the error 
terms’ variances and covariances, based on the 
residuals derived from an equation-by-equa- 
tion application of OLS;® in the second stage, 
these estimates are used to construct the Aitken 
estimator of the regression coefficients in all 
equations. . 

To preserve space, the Z2SLS estimates of 
equations (1.1)-(1.5) are not presented here. 
Of the 37 estimated coefficients, eight “other” 
price coefficients had the wrong sign. An ob- 
vious explanation for these inconsistent price 
effects is that each explanatory variable does 
not affect all dependent variables. This implies 
that a certain subset of the 37 coefficients is 
equal to zero; estimation error and the occa- 
sionally high correlation between certain ex- 
planatory variables could have produced the 
observed inconsistent signs. 

There is little guidance in the economic 
literature as to which explanatory variables 
may be omitted from which equations. Does 
the price of veal, for instance, affect the con- 


T The determinants of Canadian livestock, wholesale, 
and retail meat prices, and Canada’s trade position with 
respect to the U, S. are examined in [10]; Canadian live- 
stock supply and inventory functions are estimated in [11]. 

* There was no evidence of serial correlation in the OLS 
residuals of each equation. Estimates of the correlation 
coefficients among the error terms are as follows: 





OB QV QLD QP ec 
B 1.00  .62 32 —.26 —.4 
Vv 1.00 .82 16 —.63 
LD 1.00 —.03 —.65 
P 1.00 26 
C 1.00 
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Table 1. Demand equations, regression results* 

Dep. Explanatory Variables vy. ton 
Var. PB PY PL PP PO- OLE OT -PDI Consign SAN Nu 
GLa Oa 28 éin aed 0.010 (2.1) 
m (=3'98) (39 (3) asa Gon 0-030 2.2) 
oe (22.19) (0.30) (—1.26) Cas E 9-056 2.3) 
Pek ES) O85 03h Coos “Gis 9-007 04 
ec an 0°88) ha) aD Con 9-919) 








a Estimates of the regression coefficients are given in the first line; ‘¢-values” are shown in parentheses. 


sumption of beef? Is there any evidence that 
beef is a substitute for lamb—at least in the 
range of observed prices? Are the prices of veal 
and lamb helpful in explaining the variation in 
pork consumption? Both statistical and eco- 
nomic considerations are important in deter- 
mining which variables may not be dropped. 

Several hypotheses were considered and, in 
each case, the parameters of the reduced equa- 
tions were examined. Of these alternatives, the 
model which is consistent and retains the maxi- 
mum number of explanatory variables is given 
below: 


(2.1) OB; PB, PL,PP, PDI 
(2.2) QV;  PV,PL, PC,PDI 
(2.3) QLD; PL,  PC,PDI,QLI 
(2.4) QP;PB,PV,PL,PP, PDI 
(2.5) QC; PY, PC, PDI, OT. 


It will be noted that the above system of 
equations is the system (1.1)-(1.5) under the 
hypothesis that, simultaneously, the parame- 
ters of the missing variables are equal to zero. 
The test statistic for this hypothesis, as Zellner 
[13] has shown, has approximately the F- 
distribution, with 11 and 48 degrees of freedom 
in this case. At the customary 5 percent level, 
the critical F-value is approximately equal to 
2,00; the test statistic in this case is equal to 
0.75, and the hypothesis may be accepted. 
Thus, the system (2.1)—-(2.5) is statistically con- 
sistent with the system (1.1)—(1.5). 

The Z2SLS estimates of equations (2.1)- 


(2.5) are shown in Table 1.° All price coefficients 
have the expected signs; all own price coeff- 
cients are negative; all “other” price coeff- 
cients are positive. The coefficient of the per 
capita consumption of imported lamb is nega- 
tive, as was expected. The coefficient of turkey 
consumption in equation (2.5) is positive, sug- 
gesting that chicken and turkey meat are not 
substitutes in consumers’ budgets. Income co- 
efficients are positive for beef, veal, and chicken, 
and negative for domestic lamb. 

An essential criterion for the performance of 
an econometric model is its success in simulating 
the time series of the dependent variables. The 
fit of the estimated equations is good, as can be 
inferred from the values of the U-statistic,!° 
and from Figure 1, in which actual and ex- 


? Equations (2.1)~(2.5) were also estimated by OLS. The 
estimates of the regression coefficients were different but of 
the same order of magnitude; for example, the OLS esti- 
mates of the own price effects were —.406 in (2.1), —.130 
in (2.2), —.016 in (2.3), —.502 in (2.4), and —.059 in (2.6). 
Estimates of the standard deviations of the regression co- 
efficients, however, were without exception lower for 
Z2SLS; on the average the OLS estimates were 14.3 per- 
cent higher, ranging from 3.4 percent to 37.5 percent. This 
increase in precision is, of course, a valuable advantage of 
Z2SLS whenever “t-values” are used for inferences con- 
cerning the regression parameters. 

10 A measure of predictive accuracy is Theil’s U-statistic, 
defined as follows: 


U = SER — AD (SEPA + VERY 


where A are the actual and P the explained values. The 
value of this statistic is in the range 0, 1. U =0 indicates 
perfect prediction; U = 1 indicates a zero or negative propor- 
tionality between actual and predicted values. 
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Figure 1. Per capita disappearance of meat, actual and explained 
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Table 2 Price and income elasticities* 





Per Capita 
Consumption of Beef Veal 
(PB) (PY) 
Beef (QB) —.521 
Veal (QV) —1.400 
Dom. Lamb (QLD) E 
Pork (QP) -276 .654 
Chicken (QC) -004 
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Prices of s P ersonal 
Lamb Pork Chicken Pa 
(PL) (PP) (PC) (HD 
053 .159 .835 
.507 .259 455 
—1.801 .138 —2.909 
.281 —1.049 — .004 
— 087 1.129 


* Point elasticities calculated from equations (2.1)-(2.5) at the means of the variables. 


plained meat consumption are compared. Ex- 
plained values are obtained by using the actual 
values of the explanatory variables and the 
coefficient estimates of equations (2.1)—(2.5). 


Price and Income Elasticities 


The estimated own price elasticity of beef in 
Table 2 is lower than estimates obtained by 





1954 1956 1958 1960 1962 1964 1S66 1968 1970 
YEARS 


Figure 1, continued 


Yeh [12], (—.644) for the period 1947-58, and 
by Kulshreshtha and Wilson [3], (—.801) for 
the period 1949-69, but it is still of the same 
order of magnitude. The estimate of the income 
elasticity of beef is closer to the estimate in [3], 
(1.044), than to Yeh’s (.393). In the case of the 
demand for pork, the only other available esti- 
mates are Yeh’s [12] for the period 1947-58; he 
estimates the own price elasticity, the cross price 
elasticity with respect to the price of beef, and 
the income elasticity, respectively, as —.651, 
—.216 (sic), and —1.258. There are no other 
results available with which to compare the 
remaining estimates of Table 2. 

The high income elasticity of chicken meat is 
rather surprising, as is the high negative income 
elasticity of domestic lamb; both may be at- 
tributable, however, to a change in tastes over 
time that is highly correlated with income. For 
all red meats, consumption is sensitive to own 
price changes. Consumption of beef, veal, and 
domestic lamb is not affected by changes in the 
prices of other meats. Consumption of pork, 
on the other hand, is sensitive to changes in the 
prices of beef, veal, and lamb. This suggests 
that substitution effects may not be entirely 
symmetric. For example, a rise in the price of 
pork may not lead to an increase in the con- 
sumption of beef, but only to a decrease in 
pork consumption; on the other hand, an in- 
crease in beef prices will result in an increase in 
pork consumption and a decrease in beef con- 
sumption! 

u Similar findings for the U. S. are.reported in Trierweiler 
and Hassler [9, p. 12]. 
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Supply of Storage Theory and Commodity Equilibrium 
Prices with Stochastic Production 


STANLEY R. Piisxka 


When future production is a random variable, the equilibrium price for a commodity will be 
that which yields the maximum expected discounted utility of the consumption quantities and 
the supply of storage. The equilibrium consumption schedule is obtained with the dynamic pro- 


gramming techniques of inventory theory. 


HE starting point for this investigation of 

commodity prices is supply of storage 

theory. Briefly (see, e.g., [2, 3, 7, 8]), at 
any given time # the difference between the ex- 
pected spot price at some future time {+4 (the 
futures price) and the spot price is some func- 
tion of the current level of inventory. If the 
function f(Z) denotes this relationship, then 
J(I) is thought to be a continuous, increasing 
function assuming both negative and positive 
values for non-negative levels of inventory I. 
Thus if I is large (such as just after a harvest), 
the futures price would exceed the spot price, 
whereas if J is small (such as just before a 
harvest), the spot price would exceed the 
futures price. 

The problem with the supply of storage 
theory is that it explains price differences but 
not absolute price levels. In [5] Samuelson in- 
corporates (deterministic) knowledge of future 
commodity production, assumes current con- 
sumption is a (deterministic) function of only 
the current price, and shows that the schedule 
of equilibrium prices (or, equivalently, the 
schedule of equilibrium consumption rates) up 
to some horizon time maximizes a certain utility 
function of the consumers, subject to the con- 
straint that the inventory level remain non- 
negative. His utility function is a special case 
of the one considered here, with the difference 
being stochastic rather than deterministic pro- 
duction. However, the economic interpretation 
of both models is the same. If the theoretical 
equilibrium consumption schedule is main- 
tained, then the consumers will be ambivalent 
between storing inventories themselves or let- 
ting someone else do it. Thus if the spot price 
were to rise above the equilibrium value, then 
competition among the sellers would serve to 
drive prices down. On the other hand, if the 
spot price were to fall below the equilibrium 
value, then consumers would enter the market 
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place to purchase additional quantities for 
storage and future consumption, thereby in- 
creasing prices. Therefore speculative arbitrage 
serves to maintain this consumption schedule. 

In [6] Samuelson allows future commodity 
production to be a series of random variables, 
but he drops the notion of the supply of storage 
function. By using dynamic programming 
concepts, he shows that the equilibrium con- 
sumption schedule maximizes the expected 
utility of the consumers, but his model does not 
allow for negative carrying charges. 

The purpose of this paper is to apply supply 
of storage theory to the notion of stochastic 
commodity production. Using the basic utility 
function (specified below) of [5], the equilib- 
rium consumption schedule will be that which 
yields the maximum expected discounted util- 
ity. In the case of discrete time and either a 
finite or an infinite horizon, the optimal con- 
sumption schedule is obtained with dynamic 
programming techniques as in inventory theory. 
The basic problem is formulated in the next 
section. The finite time horizon case where the 
capacity of the inventory system is unbounded 
is considered. Then is discussed the infinite 
time horizon case where the inventory system 
capacity is now finite. 


Discrete-Time Consumption Schedule ` 


The problem formulated here is to determine 
the optimal consumption schedule for the time 
periods m=1, 2,---, N, where N is the 
(possibly infinite) time horizon. Consider the 
sequence Dı, Dy}, +-+- of independently dis- 
tributed, non-negative random variables with 
D,, the production in period 1, specified by the 
distribution function $,(-). If C, and J, arc 
respectively the 2th period consumption and 
inventory levels, then the utility of consuming 
C, and storing I,—C, is U,(C,)-FU.—C,), 
where U,(-) is a concave non-decreasing func- 
tion whose derivative is the consumers’ demand 
curve for period n and F(-) is a convex func- 
tion whose derivative is the one-period supply 
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of storage function f (for ease of exposition, the 
units of cost and utility are interchangeable). 
Thus the problem to be solved is the following: 


N 
maximize E >) a [U,(C,) — FUs — Cx)] 


Rew] 
subject to: Ing, = SA(In + Da — Ca), 
= 1, Says »N- 1 
OLC SIn n=1,---,N, 


where £ is the expectation operator, æ is a dis- 
count factor (0<a<1), the (possibly infinite) 
number S represents the maximal capacity of 
the inventory system (assume excess produc- 
tion is destroyed at no cost to the consumer), 
(wAy)=min {x, y}, and J; is specified. Note 


that this formulation is a generalization of both ` 


Samuelson’s deterministic one [5] and his 
stochastic one [6]. 

Let V,(J), a suitable real-valued function on 
[0, S], denote the maximum expected dis- 
counted utility at the beginning of period n 
given that the inventory then is Z. Thus, for 
example, Vi(Z:) is the value of the objective 
function in the above optimization problem. 
Let T, denote the optimal return operator de- 
fined by 


TaV (I) = max fuo — F(I— C) 
ose<r 


ig f V(SA[I + D— chan. 


Thus dynamic programming theory can be 
used to solve the above optimization problem, 
because if the maximum expected discounted 
utility Vais(-) for period n+1 is known and 
TaVnyi exists, then Va=T,Vayi. In general 
some additional assumptions are necessary to 
guarantee the existence of a sequence of func- 
tions satisfying Va=TaVay1. One may also be 
interested in the range of the operator T, and, 
of course, the optimal consumption schedules. 
These matters are considered for various dis- 
crete time inventory models in the following 
two sections. 


The Finite Time Horizon Case 


For this class of discrete-time inventory 
models, assume the inventory capacity S= œ% 
and the time horizon N<o, In addition, 
assume that the terminal expected discounted 
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utility Vyii(-) is concave and, for ease of 
exposition, Vyi1(-), Un(-), and F(-) are twice 
continuously differentiable. One further as- 
sumption is required, namely: 


U,’ (0) > aUn (0) — F’(0), 


n=1,2,---,N—1 
(1) 


Un'(0) > a f Vis (D)dax(D) — F'O. 


Assumption (1) serves to ensure that some of the 
inventory will always be consumed during the 
current period by making it more profitable to 
sell some inventory now than in succeeding 
periods. This assumption can apparently be | 
regarded as a constraint on the utility functions 
in the immediate proximity of the origin be- 
cause, for example, given any e>0, any strictly 
concave U,(C) can be modified on [0, €) so as 
to satisfy Assumption (1) and maintain strict 
concavity. Note that if U,'(0)=U.4:'(0) and 
F'(0) <0, then œ must be less than 1. 

Let C(I) denote an optimal consumption 
level in period » corresponding to inventory I 
at the beginning of period ». Then the optimal 
consumption schedule is characterized by 
Theorem 1. 


Theorem 1 


For the problem with finite horizon N and 
concave terminal expected discounted cost 
Vxl), suppose Assumption (1) is true. Then 
there exists a sequence of positive numbers 
{Za}, where 


T, = max {7 U,’ (ID) + F’(0) 


~ a f Vau'(D)ae(D) > oh, 


such that the optimal consumption schedule is 
of the following form. 

In period n, if the beginning inventory 
I<, then C,()=J and V, (D =U, (D), 
while if 7,<J, then 7,<C,(J) SI, where C,.(J) 
is the smallest root of 


UO + PUI — C) 
(2) — af Vari I + D — C)d®,(D) = 0, 


and V,/(D)=U,'(C,[Z])>U,’(). Moreover, 
C,(Z) is a continuous, differentiable function, 
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< eer ei 
dI 





and V,(Z) is concave and twice continuously 
differentiable. 


Proof 


This proof (by induction) is similar in spirit 
to those for standard dynamic inventory prob- 
lems (see, for example, [1, Ch. 9]). For period 
N, the decreasing function Uy'(I)+F'(0) 
—afVyii(D)dby(D) is positive for J=0, so 
Ty>0 exists, although perhaps Íy = œ. 

If I<Ty, then for all CSI 


Un'(C) + F'(I — C) | 
— a f Vr + D ~'C)aby(D) 
2 Ux'(In) + F'(0) 
-a f V41'(D)dby(D) > 0 


in which case Cy(Z) =I is optimal, 
Vx(I) = Un(Z) — F(0) 


+a f Vres(D)dx(D), 


and Vy’(I) = Uy’'(). 
If Ty<I<, then (2) has a solution Cy(Z) 
with 7 NS Cu < <I because the left hand side 


of (2) is a continuous decreasing function of C 
with 


Uy' (Iv) + PU — Ty) 
—a f Vna (I + D — Iy)dby(D) 
> Uy’ (Ix) + F’(0) 
—a f Vyy1'(D)déx(D) = 0 
2 Uy'(I) + F'(0) 
—a f Vas (D)dbu(D). 
The function Cy(Z) is continuously differen- 
tiable by the implicit function-theorem, so dif- 
ferentiating (2) with respect to J, it is con- 


cluded that 0<Cy'(J) <1. 
Thus if Iy<J, 


Vy(Z) = Uy(Cy[T]) - FU —Co[Z]) 
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+a f Vuii(I+D—Cyl[I])déy(D). 


Differentiating this equation with respect to I 
obtains Vy’ (D) = Uy’ (Cy [I]) > Un’ (1) irom (2), 
Cr(D<I, and Uy’(-) non-increasing. Thus 
Vy'(D=Uy'(Cx[T]) for all I, so Vyx'(D 
= Uy" (Cy [Cx (D £0 and Vy(J) is concave 
and twice continuously differentiable. 

To complete the proof, it suffices to show that 


Uv_1'(0)+F'(0)—a f Vy'(D)d®y_s(D) > 0; 


this follows from Assumption (1) and the fact 
that 


-a f Vy'(D)dby_1(D) > — aVy'(0) 


= — aUy'(0).§ 


It should be remarked that if Vy4,(J) and 
U,/(1): (n=1, 2, +++, N) are strictly concave, 
then for each n, equation (2) has a unique solu- 
tion, 0<dC,(1)/dI<1 and Va (D >U, (D for 
all Z>, and V,(D) is strictly concave. Since 
the nth period equilibrium price is U,’(C,[Z]), 
this will be positive for all appropriate J if 
U,'(1)>0. 

The results of Theorem 1 are strongly related 
to the supply of storage theory. Notice that 
V,’() equals the price for period » with initial 
inventory level Z. Equation (1) says (assuming 
the discount factor is approximately 1) the 
difference between the expected price for next 
period and the spot price is equal to the supply 
of storage function F’ evaluated for the amount 
of inventory after consumption. Conversely, 
the supply of storage theory implies the num- 
bers in the sequence {Tą} are very small in 
practical cases. If 7<7,, then one can write 


a f Uses (CurslD)dBa(D) — Us) < PO 


which (assuming the discount factor is approxi- 
mately 1) is compatible with supply of storage 
theory only if J is approximately zero. 

If certain additional knowledge is known 
about a finite horizon problem, one can better 
characterize the optimal consumption schedule. 
Given the distribution” functions ,(D) and 
(D), then ®; is said’ to be stochastically 
smaller than @,, written ®;C,, if 6,(D) >%,(D) 
for all D. Thus, for example, the expected pro- 
duction level would be higher with &; than with 
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®;. A basic property of stochastically ordered 
probability distributions is that if o(D) is a non- 
decreasing function, then ,C%; implies 
Jo(D)d®(D) < fo(D)d&D). 


i 


Theorem 2 

For the problem with finite horizon N, 
suppose U,(1)=U2(1)= -- - Un(1)= Vwi) 
= U(J) is a concave function with (1—a)U’(0) 
> —F’(0), and suppose XCC » - - Sy. Then 
Theorem 1 applies and for each period 


n (n=1, 2,6, N~1), v (D> Van (D), 
di STan and C42) < Cri). 
Proof — 


First, U’(0) > {Vit (D)dby(D) so Assump- 
tion (1) holds and Theorem 1 applies. The re- 
mainder of the proof is by induction; if one lets 
Cyui(I)=I and Iyi1= ©, then the theorem is 
true for period N. Now assume: the theorem is 
true for periods +1, n-+2,---, N. 

By definition of 7, and since $,C 4,41, 


0=U'd.) + F'(0) —a f Vess'(D)d®,(D) 
<.U"T,) + F'O — a f Vaia!(D)dnsa(D) 


< U's) + FO) — a f Vas'(D)dbeus(D), 


so by definition of I+, Ia <Ia} Similarly, if 
I> Ls by the definitions of C,(Z) and 
Cau(D, then Chl) <Cyui(Z). Finally, by con- 
cavity of U(I), 


Va (D = VC UD > UC lD = Vast’ (D- A 


The stochastic ordering hypothesis in 
Theorem 2 means generally that commodity 
production levels are increasing in time. The 
conclusion of Theorem 2 corresponds to one’s 
intuition: if tbe consumers’ demand curve is 
constant in time, then for identical inventory 
levels in any two periods, the consumption level 
will be higher and the price will be lower for 
the later period. 


The Infinite Time Horizon Case 


To characterize the optimal, discrete-time 
consumption schedule as the horizon increases 
to infinity, it is convenient to assume the in- 
ventory system has a finite capacity S. As with 
the finite horizon, infinite capacity inventory 


systems, assume U,(C) and F(I—C) have finite 
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continuous derivatives on [0, S], but now one 
must allow the expected discounted utility for 
a period to have a discontinuous derivative. If 
one assumes Uy(C) and VyiilZ) are non- 
decreasing on [0, S], then one can show that 
Vx(I), Cw), and I—Cy(Z) are, too. The fol- 
lowing theorem, a counterpart to Theorem 1, 
will be used for the infinite horizon situation. 


Theorem 3 

For the finite capacity inventory system 
problem with finite horizon WN, suppose 
U(C), +- -, Un(C), and Vyii(Z) are concave 
non-decreasing functions on [0, S] and assume 
Assumption (1) holds. Then the conclusions of 
Theorem 1 hold for this problem, and the maxi- 
mum expected discounted utility in each period 
is a non-decreasing function on [0, S]. 


Proof 


Generalizing the reasoning in the proof of 
Theorem 1, let ¥(D) = Vna (IAS) be defined for 
all I< @ so that for 7<S, then’ 


Va(D) = max foxo -FU -0) 
OSCI 


+a J PED- Charen) 


Thus the proof of Theorem 1 can be followed 
if one allows for the fact that V’(Z) is discon- 
tinuous. The first complication arises in the cal- 
culation of Cy(J) for I>Ty. It is not difficult 
to see that , 


Cx(l) = sup fc Un'(C) + F'O- ©)| 
(2) 3 
-af P+ D- oaeo zo}, 


in which case Cy(J) is a continuous, non- 
decreasing function. Moreover, if the inequality 
in (2) is strict at T, then dCy(1)/dl=1. The 
only other complication arises in the computa- 
tion of Vy’ (I) for I>Ty. If the inequality in (2) 
is strict at I, then by the above Vy’(J) 
=Uy'(Cy|Z}); otherwise, Theorem 1 can be 
followed to show the same result. Thus the 
conclusions of Theorem 1 hold for period N; 
in particular, Vw(D>Un'(D>0 for <5, 
Vy'(Z) is continuous on [0, S], and the proof 
is completed by induction. Ņ 

In the case of an infinite horizon, assume the 
production probability distributions and con- 
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sumer demand curves are periodic with period 
M, that is, #y=®@num= =: and U,(C) 
=Uaiu(C)= +++ for n=1, 2,---, M. The 
M successive periods terminating in a period 
which is a multiple of M can be thought of as a 
“commodity year.” If one defines the optimal 
return operator T„ in the obvious way and 
assumes the discount factor a<1, then by 
Theorem 3 and the Contraction Mapping 
Theorem one obtains Theorem 4. 


Theorem 4 

In the infinite horizon case with periodic 
production and consumer demand, suppose 
a<i, Assumption (1) holds, and V(O), ++, 
Uy(C) are concave, non-decreasing functions 
on [0, S]. Then the maximum expected dis- 
counted utility V, for the #th period of a com- 
modity year is the unique concave non- 
decreasing function that is a fixed point of the 
optimal return operator T, - + + TyTi+- Tpi 
Moreover, V, can be obtained by the method 
of successive approximations, and the optimal 
consumption schedule is characterized by the 
conclusions in Theorem 1. 


It is convenient at this point to reconcile the 
foregoing with the expectations about com- 
modity price behavior. Suppose a commodity 
is seasonal and the commodity year is com- 
prised of N periods with production occurring 
only at the end of the Nth period. Thus the 
inventory will be at a maximum during the 
first period and by (2) there will be three cases. 
If the first period’s inventory is approximately 
“normal,” then F/(I—C,[I]) will be positive 
- and the prices will rise during the commodity 
year until some period # (when F’[J—C,(J)] 
becomes sufficiently negative), and then the 
prices will decline during the remainder of the 
year. In particular, the expected price at the 
beginning of the next commodity year will be 
less than the price at the end of the current 
year. Alternatively, if the first period’s inven- 
tory is sufficiently higher than “normal,” then 
prices will increase through the beginning of the 
following year (F’[J—C,(J)] never becomes 
sufficiently negative). Finally, if the first 
period’s initial inventory is sufficiently less than 
“normal,” the prices will decline during the 
entire year. 

Next consider the effects of a change in ex- 
pectations about future production. Suppose 
anticipations about production in period N 
change from 6 to Y with CY (implying an 
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increase in expected production) while antici- 
pations for other periods remain unchanged. 
Arguing as in the proof of Theorem 2, it can be 
shown that the optimal consumption levels for 
period N will increase, implying a decrease in 
the derivative of the Nth period maximum ex- 
pected discounted utility. This, in turn, implies 
an increase in optimal consumption levels for 
period N—1, so by induction one concludes the 
optimal consumption level will increase during 
the current period, and the spot price wil 
immediately decrease. In addition, F’(7—C,[T]) 
will decrease, so by equation (2) the difference 
between the futures price and the spot price 
will decrease. Similarly, a change in period V 
from ® to F with DY will increase the spot 
price and basis. In either case, the more distant 
the period for which a change ensues, the less 
will be the immediate effect. 


Concluding Remarks 


The results indicate that the concept of sto- 
chastic commodity production can be com- 
bined with the supply of storage theory to yield 
a satisfactory model of commodity price levels 
and differences. Theorem 1 shows that the 
theoretical price differences are compatible with 
the supply of storage theory in the finite time 
horizon, infinite inventory capacity case. The 
same conclusion can be drawn from Theorems 
3 and 4 which are counterparts to Theorem 1 in 
the finite horizon, finite capacity and infinite 
horizon, finite capacity cases, respectively. The 
concept of periodic production and consump- 
tion was introduced in Theorem 4, and the 
theoretical prices were found to be compatible 
with the way prices actually fluctuate season- 
ally. The concept of stochastic ordering was 
introduced in Theorem 2 and later in order to 
confirm various expectations about the way 
prices react to changing production levels; the 
theoretical results corresponded with the au- 
thor’s intuition. 

In formulating the operator Tą, it was de- 
cided to express the one-period storage cost as 
F(I—C) rather than F(J) because if this is 
thought to be a cost to the consumers rather 
than to the inventory operators, then it could 
be argued that one of its components is the 
transportation cost associated with the acquisi- 
tion of amount C. If the time period is small 
enough, then the one-period consumption level 
will be small relative to the inventory level, 
and the two formulations should yield nearly 
the same results. 
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The dynamic programming formulations of 
this paper can be generalized to allow non- 
independent and non-petiodic random variables 
(cf. Hinderer [4]). Another topic for future 
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research is the question of whether the supply 
of storage theory can be dropped without mak- 
ing the model unable to account for negative 
carrying charges. 
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Sufficient Conditions for Aggregation of Linear 
Programming Models* 


Qummo Paris anb Gorpon C. Ravusser 


Three sets of sufficient conditions for exact aggregation of linear programming models are dis- 
cussed. They provide a relaxation of the proportionality and dimensionality conditions among 
elements of the micro problems required by R. H. Day’s specification. For correct aggregation 
it is not necessary to classify firms according to “homogeneity” criteria. 


economists in particular, have wide- 

ly demonstrated their relentless in- 
terest for using linear programming models to 
analyze the economic process of a sector, a 
region, or an entire economy [6, 8, 15]. The 
literature on the subject has assumed further 
momentum in recent years with the application 
of such models to developing economies 
[1, 7, 9]. Proper utilization of such models rests 
on several assumptions regarding the specifica- 
tion of the objective function, the admissible 
technology, the existing limitations of com- 
modities and, last but not least, the level of 
aggregation of the various economic micro 
units, 

The purpose of this paper is to present some 
reflections and results about this last aspect as 
it relates to linear programming methods. Sur- 
prisingly, the literature on the problem of ag- 
gregation in linear programming is rather 
limited regardless of whether it deals with the 
methodological [2, 3, 4, 11, 12, 13] or with the 
empirical [5] aspects. Briefly stated, the em- 
pirical aspects of the problem refer to the de- 
velopment of a computationally feasible pro- 


JH oromi in general, and agricultural 


cedure which minimizes the aggregation bias, . 


whatever its definition. The methodological 
ones do not immediately concern the feasibility 
of the computations, but rather the conditions 
under which it is possible to achieve aggregation 
with zero bias. This analysis focuses on the 
methodological aspects of aggregation. The 
focus is motivated by the fact that only after 
achieving awareness of the theoretical require- 
ments implied by different formulations of the 
aggregation problem is it possible to develop 


* Giannini Foundation Paper No. 364. 


Quiemno Panis és assistant professor of agricultural eco- 
nomics and assistant agricultural economisi and GORDON C. 
Rausser és associate professor of agricultural economics and 
associate agricultural economist in the Experiment Station 
and on the Giannini Foundation, University of California, 
Davis. 


computationally feasible procedures of sufficient 
generality and validity. 


Historical Perspective 


In 1963 R. H. Day [2] formulated an aggre- 
gation problem for solutions of linear program- 
ming models and proposed a set of conditions 
sufficient to achieve aggregation with zero bias. 
Specifically, if the linear programming models 
are interpreted in the context of K producing 
units, Day’s conditions require (a) that the 
matrix of technical coefficients in every firm be 
identical to the matrix of the aggregate prob- 
lem; (b) that the vectors of resources and of net 
revenues of every firm be proportional to the 
corresponding aggregate vectors; and, finally, 
(c) that the sum of the product of weights of the 
firm objective functions and of the propor- 
tionality factors for the net revenue vectors be 
equal to one. : 

Subsequently, T. A. Miller [13] and J. E. Lee 
[11] have argued that Day’s strict propor- 
tionality requirement is unduly restrictive. 
Their result is based on an application of sensi- 
tivity analysis to Day’s formulation of the 
aggregation problem. Finally, Marenco [12] 
has shown the redundancy of Day’s condition 
(c) above. 

The above papers are representative of the 
methodological discussion of the aggregation 
problem in linear programming. Actually, Day, 
while recognizing Marenco’s comments [4], has 
denied any substance to those of Miller and Lee 
[3], reiterating the soundness of his original - 
formulation and conclusions: “As a conjecture, 
I would suggest that sufficient conditions for 
aggregation less binding than those presented 
in this paper, will be difficult to obtain” [2, p. 
812]. His suggestions for further advances in 
this area lie with the study of mathematical and 
behavioral analysis of “management leader- 
ship” and the testing of aggregate models of the 
representative firm [3, p. 673]. 

It is demonstrated below that the state of the 
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discussion about aggregation in linear program- 
ming is unsatisfactory. Indeed, not only do 
Day’s specifications represent the most restric- 
tive set of sufficient conditions conceivable, but 
unless a statistical framework is advanced, it is 
practically impossible to find any two firms 
which satisfy such conditions. Obviously, suffi- 
cient conditions are of interest because they 
may indicate an easy test for LP aggregation; 
but on the other hand they are of greater inter- 
` est if they realistically admit the existence of 
empirical cases which satisfy the specified re- 
quirements. It is the judgment of the authors 
that it is not possible to find empirical cases 
which fit Day’s sufficient conditions. Therefore, 
` it is important to investigate whether it is 
possible to find other less binding formulations 
and to analyze what they imply in terms of 
empirical usefulness. The quest for conditions 
less binding comes also from Sengupta and 
Fox [15] when they write, “It is still an open 
question how to define a process of valid aggre- 
gation (e.g., without aggregation bias) when 
condition (2.77a) (i.e., all firms have identical 
input-output coefficient matrices) is not satis- 
fied” [15, p. 72]. 


Sufficient Conditions for Exact Aggregation 


In general the aggregation problem arises 
when an “expanded” dual pair of micro linear 
programming problems, such as 


maxs = ¢'% 


(1) Ax <b 
z>0 

min r = b'y 

(2) yz, 
Aly 26, 


has to be collapsed into an “aggregate” macro 
dual pair of programs 


MAX Zo = Co Xo 


(3) Acta < bo 
X = 0 

i min fo = bs’ Yo 
(4) yo 2 0 
Ae Vo = Co 


of smaller dimensions than (1) and (2) respec- 
tively. The matrix of A of (1) and (2) is, in 
general, a block diagonal matrix, i.e., 


where the submatrices Ay, As,---,Ax may be 
thought of as representing the technica! coeffi- 
cient matrices of K firms. Similarly, the vectors 
c and b may be represented in form of K par- 
titions, ie, C=(a’, a’,---, cx), =a, 
bs’, +--+, bx’), which denote respectively the 
vectors of net revenues and resources of the K 
firms: Each kth submatrix Áx, k=1,---, K, 
is of dimensions (M.X N+), while the matrix A 
is of dimensions (MXN). The matrix A, is the 
technical coefficient matrix of the aggregate 
problem with dimensions (H@XL), H<M, and 
L<N. The vectors co and bo are respectively the 
vectors of net revenue and resources of the 
aggregate problem. 

Following Day, aggregation is exact (or 
perfect, or without loss of information) when 
the following relations are satisfied: 


5.) 4-—-G2e=0 
(5.2) 3 — P'y =0 
(5.3) coo — d'z = 0 or, alternatively, 


Je'bo — 96 = 0, 


where (£, 9) and (Zo, Jo) are optimal solution 
vectors to the expanded and aggregate dual 


_ problems respectively. Matrices G and P are of 


dimensions (NX L) and (MXH), respectively, 
and represent aggregation operators. They con- 
tain the partitions and the weights with which 
the expanded dual solutions should be aggre- 
gated. The elements of the G matrix are usually 
specified to be either 1 or 0, but for the general 
formulation specified in this paper this restric- 
tion will not be imposed. Furthermore, it is 
only required that optimal solutions (and not 
all feasible solutions) of the dual pairs of micro 
and macro problems satisfy relations (5). In 
fact, for the purpose of this paper, it is sufficient 
to find conditions of aggregation valid only for 
some optimal solutions of the micro and macro 
pairs of problems. 

To grasp fully the implications of exact ag- 
gregation, notice that the number » of different 
production activities considered by the group 
of K firms as candidates for a production plan 
is, in general, greater than the number of ac- 
tivities considered by any single firm, i.e., 
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n=>max N;. Therefore, the aggregate problem 
k 


must consider a number of production activities 
at least equal to n, and, furthermore, all # 
activities of the group must be represented in 
the L activities of the aggregate problems 
(HX L); hence, L>n. On the other hand, since 
a linear programming solution can contain no 
more activities at nonzero level than the num- 
ber of constraints, it is necessary that the 
number H of aggregate constraints be also 
greater or equal to n. 

The quest for conditions of exact aggregation 
may be stated as follows: how can sufficient 
conditions be specified, which are both “not 
too restrictive” and “operational in a meaning- 
ful way.” The term “not too restrictive” is here 
taken to mean that some real life situations 
may, in principle, fit the conditions. Here, 
“operational in a meaningful way” indicates a 
computational procedure that does not involve 
the inverse of the matrix A. Day’s conditions 
were judged too restrictive because they require 
either the equality or the proportionality among 
technical and economic elements of the K firms, 
and equal dimensionality of all K firms’ prob- 
lems. The objective of what follows is to relax 
these restrictions one at a time. This will be 
done within the context of three separate cases. 

Case 1. The following formulation represents 
a set of sufficient conditions for exact aggrega- 
tion which do not require either equality or 
proportionality among the elements of the K 
firms. They do require, however, equal dimen- 
sionality of all the firms’ problems. These con- 
ditions are 


(6.1) b = ST xb, 

(6.2) c= RV 260 

(6.3) A = KSIx @ AR 

(6.4) = PSTy = In 

(6.5) L GRT = I 
K 


S and R are square matrices of order M and N 
respectively. Furthermore they are both diag- 
onal with positive coefficients. The matrices Ty 
and Tz are of dimensions (M XH) and (NX L) 
and are composed respectively of K identity 
submatrices stacked on top of one another of 
order H and L. The matrices Iy, Iz, and Ix are 
identity matrices of order H, L, and K respec- 


AGGREGATION IN LP Movers / 66l 
tively. Finally, K is a positive scalar represent- 
ing the number of firm problems to be aggre- 
gated, and ® denotes the Kronecker product. 

Note that the role of the diagonal matrices 
S and R is to relax any proportionality or 
equality requirements. The fact that their 
diagonal elements are strictly positive implies 
that all the firm’s problems have the same 
dimensionality. It is now possible to state the 
main result of Case 1: if the conditions specified , 
in (6) hold and there exist optimal solutions to 
the aggregate problems, (Zo, Jo), the aggregation 
problem as defined in (5) possesses an exact 
solution for some optimal programs of the 
expanded problem. 

To prove this result, it is sufficient to exhibit 
one such pair of optimal solutions for the ex- 
panded problem. Such a pair is the following: 


1 
(7.1) z= K RT 72, 


1 
7.2 = — ST go. 
(7.2) r Ye) 


The solutions #, y must be checked against the 
feasibility and the optimality criteria. First of 
all, given the specifications of K, R, S, Tz, Tp, 
and the optimality of (Zo Jo), # and J are 
nonnegative. They are also feasible since 
Až = KSIx Q A,Ri 
(8.1) 
= STy Q Art < STgbo = b 

and l 
(8.2) yA = W'SIx @ ARK 

= = J3 Tu'I O AR TR =d. 


Optimality of 2, J follows directly from the 
following relations 
1 
CE = c Ti RRT tio z 
(9.1) 


1 
= co Tr Tito = Co! Žo 


1 
b'9 = bo Tg’ SS Taj 
(9.2) i 
= baD == bo Fo 
since by hypothesis co'£o= bo’. Relations (9.1) 


and (9.2) verify also the condition for exact 
aggregation of the K firms’ objective functions 
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Table 1 
A ate 
a, 
Technical ; 
coefficient 24/5 9/2 81/20 8/5 1/3 3/5 4 2 3 
matrix 2/3 15/4 3 2 5/2 6 : 1 3 4 
EE PEE Ree: a So 
vectors 2 3 1/2 6 2 1 3 12/5 2/3 
SS SE TEATER STEN I BA EERE EB NETE PO OE TROE I EET 
bi bz by 
vectors 1 2 -- 10 § = 
SESE IOC AP LS ETM REIL IE PEEPS SAE TET SEI LCI ELIE LY SE CAEL SENT CLO TE IIT 
ae See eee eee : 
nas tea a re = 
mal solutions 20 6/25 o 11/20 9/25 0 11/5 3/5 0 
SEEGA ET A EE ETEA EIA E T E ETE ETER) 
Y 72 To 
-i e eet. e ad 
mal solutions 11/30 9/25 -- 33/10 9/25 -æ 33/50 9/25 -= 
Fh IERES A ETRIE OEE S EE EOE ee G S OE 
=L -1 -1 
B B, Ba 
Inverse of 
tha optimal. 1/4 -3/10 _ 3/4 ~1/10 ~~ 3/10 “1/5 _ 
2/45 8/25 — -3/5 12/25 -= -1/10 2/5 = 


S matrices 





ont 
to) 


P matrix 


specified by (5.3). To verify the other conditions 
of exact aggregation, it is only necessary to 
multiply (7.1) and (7.2) by G’ and P’ respec- 
tively and apply (6.3) and (6.4); that is, 


1 
(10.1) GR = T GROPLZ, = fo 


1 
(10.2) Py = P'S-T Ho = Jo. 


The numerical example presented in Table 1 
illustrates the conditions for this first case. 
There are two firms denoted by indexes 1 and 2, 
whose LP models must be collapsed into an 


o 
H 


4145 0 
0 








| 


2/3 0 0 2 0 0 
R matrices > HA. afi Ai 3/2 
5 PRS PES IE I SE PE SOD CSTE ES E Pe A NE | 
sy "3 
1 0 0 1 o 0 
0 1 0 9 1 0 
Q (i 0 o 


bac 
| 


LI 


aggregated model denoted by index ø. Note 
that the net revenue vectors co, C G, the re- 
source vectors bo, bi, &, and the technical coeff- 
cient matrices A,, A, As, are neither equal nor 
proportional among each other. The dimen- 
sionality of the three problems, however, is the 
same. To save space, the matrices S and R are 
given in the form of their partions Sı, Sy and 
Ri, R; respectively. In this example S and K 
are square diagonal matrices of order 4 and ¢ 
respectively and, therefore, 51, Sy, Ri, Ra are 
also diagonal. It is easily verified that the con 
ditions of exact aggregation specified in (5) are 
satisfied exactly. It is also seen that the optimal 
solutions of the firm’s problems can be obtained 
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equivalently either directly (by solving the 
respective LP problems) or by using relations 
(7.1) and (7.2), after solving only the aggregate 
problem. Note that the aggregation conditions 
for this case require that the activities’ indexes 
entering the optimal firm and aggregate solu- 
tions are the same.! 

Case 2. As a special case derived from Case 1, 
it is possible to obtain a slightly more general 
version of the sufficient conditions originally 
formulated by Day. Suppose that the matrices 
G and P are specialized to obtain 


K 
(1) Soa = % 
kal 
K i À 
(5.2) >> ante = Jo > 0, k= 1, ,K 
kal 
K 
(5’.3) Z Cit = Co Žo. 


kml 


The vectors, Zr, Ya, Cr, br, k=1, -+ +, K are of 
the same dimensions for all K, and œ, is a 
scalar. Suppose that each of the K diagonal sub- 
matrices forming the matrix S specializes to a 
scalar matrix Asl, with \z>0. Then it is possible 
to state the following set of sufficient conditions 
which guarantee exact aggregation as specified 
in (5’): 








(11.1) by = pedo, we > O,R = 1,-°°+,K 
(11.2) Ch = Melo M > OR = 1,--°,K 
(11.3) Ax = YAK, Yr > 0, k = 1,- 7 -K 
ER ed Pe E 
Unde 

> 1 
(11.5) a 

bal ARK 

K ay 
(11.6) =1 

2 Kur 


where ur, Àr, Ys, K are positive scalars.? In this 
setting, if an optimal pair of dual solutions 
exists for each firm’s problems, aggregate opti- 
mal solutions exist which satisfy relation (5%. 





” 1 The sufficient conditions presented here are derived as 
a special case of more general conditions which may be 
found in [14]. For similar specification see [10]. 

|? Day’s formulation specifies that A= A, for all &. Thus, 


x x 
mhal, Sow =1 and Z awal, 
. im it 
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To prove the assertion, let 
(12.1) #4 = Kyte 
(12.2) Jo = Km k=1,---,K. 


It is claimed here that % and Jo as defined in 
(12) are optimal solutions to the aggregate 
problem and satisfy conditions (5’). First, note 
that # and ə are nonnegative since K>0, 
Ax>O0, uz>O, Zr, Fe are optimal for all &’s, Fur- 
thermore, they are feasible since 








K= Ak 
Af. = — — Sb 
Y 
(13.1) ; : 
_ PA py 
Yk 
K 
Io Ao on jy An ts = ee cr 
Y 
(13.2) AE 
ee Usb ot weet 
Yk 


To prove that 2 and 9, are optimal, it suffices 
to note that 


(14.1) Kerar = Co žo 

(14.2) Kr'bk = Fb,  k=1,:--,K 
together with cs 2=Jrbr, the optimality cri- 
terion for each Ath firm. Exact aggregation of 
the objective function is shown by summing 
(14) over k, i.e., 


1 
(15.1) 2B Cr RE = pD — Co Žo = Co Bo 
k k K 


1 
(15.2) » De be = » — Fob, = Do! Bon 
k r K 


Finally, for the aggregation of the optimal 
solutions, by summing (12) over k and applying 
(11.5) and (11.6), one obtains 








1 
16.1 a, = fy = Bo 
( ) 2 i 2 Ky 
and 
Q. 
(16.2) E ap = D h = J 
k k Kuk 


Case 3. It remains to relax the restriction, 
required by both cases 1 and 2, that all the K 
firm problems have the same dimensionality. 
This was done by the authors [14] in rather gen- 
eral terms as a direct generalization of the condi- 
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tions specified in Case J. There seems to be, 
however, more than one way by which such a 
relaxation may be obtained. The following 
specification is one alternative. 

Suppose that for a group of K “homogeneous” 
firms it is possible to know a priors the activities 
that will enter the optimal basis in each firm. 
With this information, it is an easy matter to 
specify the matrix G. Furthermore, suppose 

. that if a firm operates an activity at a positive 
level, it will operate it at a level (1/L,)2.;, Li 
being the number of firms that will operate the 
jth activity at positive levels. Note that G, 
although a rectangular matrix, can be assumed 
to be of full rank without loss of generality. 
Then, if there exists a primal optimal solution 
# to the aggregate problem, the condition 
(5.1) for the exact aggregation of the & firm’s 
primal solution is satisfied. In fact let z= G+, 
where Gt is the Moore-Penrose generalized 
inverse of G. By virtue of the full rank property 
of the matrix G, this generalized inverse is 
G+=G(G’G)—. Therefore, multiplying 2=Gt2z, 
by G’, one obtains G’4=G'Gts, = G’G(G’G)“2, 
= č, which is the condition (5.1). 

Furthermore, suppose that the matrix P of 
condition (5.2) is specified as P= PA, where P, 
similarly to G, is a full rank matrix and A is a 
diagonal matrix with positive coefficients on the 
diagonal and of dimensions (HXH), H being 
the number of macro constraints in A,. The 
magnitude of the scalars on the diagonal may 
be suggested by the problem under considera- 
tion. Suppose also that it is known a priori 
which constraints will be satisfied as a tight 
constraint in the dual optimal solution of each 
firm, and that if a constraint is tight, its dual 
variable is proportional to the corresponding 


macro dual variable Je; with 1/A,H; being the. 


factor of proportionality and H; the number of 
firms whose ith constraint is tight in the optimal 
solution. Then the condition (5.2) for exact 
aggregation of the K firm dual solutions is satis- 
fied. In fact let = P+7,= PtA—1y,, where Pt is 
the Moore-Penrose generalized inverse of P, 
Since P is assumed of full rank, its generalized 
inverse is P+=P(P’P), Hence multiplying 
y= PtA-1y, by P’ one obtains P’7= P’PtA~ 5, 
=AP'P(P’P)“A-4,= 9, which is condition 
(5.2). 

-~ Note that the aggregation conditions for the 
primal and the dual solutions do not have to 
hold simultaneously (see the numerical example 
presented in Table 2). It is admissible and 
possible, therefore, to have exact aggregation 
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in only one of the dual pair of problems. In 
some empirical studies this may be all that is 
required. Finally, if (Gt=c,’ and 8/A*P+=3,, 
the condition for exact aggregation of the ob- 
jective function (5.3) is satisfied. 

An exemplifying illustration of Case 3 is pre- 


‘sentéd in Table 2. Three firms with technical 


matrices of different dimensions, as well as 
nonproportional vectors of resources and net 
revenues, have primal solution vectors which 
satisfy the perfect aggregation requirements. 
The dual solution vectors, however, do not 
satisfy the corresponding requirements. Note 
that in this example Z= co'e. 


Conclusions 


The discussion presented above has demon- 
strated that it is possible, without great diffi- 
culty, to formulate sufficient conditions for 
exact aggregation more general and less binding 
than those proposed by Day. As to their appli- 
cation in empirical research, one must be fully 
aware of the role of sufficient conditions. Typi- 
cally, when dealing with the problem of aggre- 
gation in an empirical context, the researcher 
does not possess information about the elements 
of both the firms’ and the aggregate problem. 
Usually, the only type of information available 


- to him is the aggregate information, ie, Ao, 


bo, Co. He must decide then to which group of 
firms in the region, or in the sector this aggre- 
gate information corresponds. His common way 
out is to assume that (utilizing Day’s condi- 
tions, for example) the firms of the region under 
study exhibit matrices A, and vectors bk, Cr, 
k=1,---, K proportional to the correspond- 
ing matrix A, and vectors bo, C of the aggregate 
problem. No empirical evaluation of such 
conditions is usually performed. The literature 
abounds with works by authors who are ap- 
parently satisfied with this approach. 

It seems obvious, therefore, that if the aggre- 
gation problem is to be dealt with through an 
assumption about sufficient conditions, the less 
restrictive such conditions are, the higher the 
chance that there will exist firms which either 
fit those conditions or will not deviate too much 
from them. Day’s conditions exclude a priori 
the existence of such firms. 

If the researcher is not satisfied about meet- 
ing the aggregation problem with an assump- 
tion on sufficient conditions (and if he has both 
time and money to spend), he has the following 
alternative. Considering the conditions of Case 
1, for example, he may use response surface 
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Table 2 





Firm 1 
Firm 2 
Firm 3 
Aggregate 


Firm 1 
Firm 2 
Firm 3 
Aggregate 


32/45 449/270 
8/9 
16/27 148/81 


37/18 


methods to generate the disaggregated informa- 
tion about the micro elements Az, br, Cr, 
k=1,+--,X. This is easily done by specifying 
different matrices S and R and combining them 
with the aggregate information about Ao, bo, Co. 
For every specification of the matrices S and R, 
he obtains a different distribution of firms which 
he can analyze to determine whether it might 
either correspond to or approximate the distri- 
bution of the firms in the region. Obviously, 
this approach is meaningless under Day’s 
conditions. 

Tf, on the other hand, the researcher possesses 
information about the elements of both the 
micro and macro problems, Az, bd, Cr, 


7/3 


1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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4/5 : 
25/6 2/3 
69/18 13/18 
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k=1,---, K and Áa bo, Co, it is a simple 
matter to verify if it satisfies the sufficient con- 
ditions, whether Day’s or the more general ones 
presented in this paper. It is conjectured that 
the aggregation bias will be smaller under the 
less binding conditions. 

It is the authors’ hope that the reflections and 
results offered above direct attention to the 
necessity, and at the same time, to the feasi- 
bility of a more satisfactory analysis of the 
aggregation problem in linear programming. 
They seem to support the idea that the chance 
of finding a satisfactory and efficient computa- 
tional procedure rests upon a formulation of the 
problem which exhibits greater generality. 
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Communications 


HAS SOCIAL SCIENCE RESEARCH AT THE EXPERIMENT STATIONS INCREASED 
IN LINE WITH SOCIETY’S NEEDS AND CONGRESSIONAL INTENT?* 


Changes in the national situation, especially dur- 
ing the past 30 or 40 years, suggest that research 
emphases should also have changed substantially 
during that period. It would appear the emphases 
should have shifted toward more economic evalu- 
ation and appraisal of the results of technology 
research, determination of plausible alternatives, 
consequences of action taken, and investigations 
concerned with basic economic problems, marketing, 
natural resources uses, and rural development, for 
example. This paper is addressed to the following 
question: “Did the State Agricultural Experiment 
Stations shift their emphases toward relatively more 
social science research during 1940/41--1970/71?” 
A careful study of the trend in personnel devoted to 
such research should yield information useful in 
shaping future strategy to meet more nearly the 
needs of rural and urban people. 


Agricultural and Rural Communities Face 
Increased Stresses 


Unprecedented changes have occurred in Ameri- 
can agriculture during the past 40 years. The farm 
population decreased from 32,393,000 in 1933 to 
9,425,000 in 1971, and farm employment fell from 
12,739,000 to 4,445,000 [4, pp. 521, 523]. The index 
of farm production (1967-100) increased from 60 
in 1940 to 111 in 1971, and output per manhour rose 
from 21 to 125 during the period |4, pp. 537, 540]. 
Increased production per person and size of farm 
resulted in an exodus of rural farm and rural non- 
farm people. Many. migrated to cities, ill-prepared 
for available jobs. They often found themselves 
residing in slum areas and on relief. Many rural 
communities which have remained primarily de- 
pendent on agriculture are in a state of decline and 
suffer from inadequate economic opportunities, 
community services, and other requisites for via- 
bility. 

The economic problems of farmers were severe in 
this period. Supply increased faster than demand, 
creating surpluses and price problems. Many markets 


* Views expressed are those of the author and do not 
necessarily represent those of the Cooperative State Re- 
search Service of the U. S. Department of Agriculture. 


for farm products were lost by varying degrees to 
synthetics, substitutes, and foreign competitors; 
marketing costs mounted rapidly. New agricultural 
technology required increasing amounts of capital, 
and its differential impact on areas brought about 
many production adjustment problems. 


Congress Recognizes the Need for a Shift 
in Research Emphasis 


The Purnell Act of 1925 specifically listed eco- 
nomic and sociological research as areas of needed 
emphasis. The Bankhead-Jones Act of 1935 provided 
for expanding research in areas authorized in the 
previous Acts. The Research and Marketing Act of 
1946 and subsequent annual appropriations require 
that at least 20 percent be expended for marketing 
research. This Act and the hearings held before its 
passage clearly emphasized the need for greater 
input into the economics of marketing research 
[1, pp. 222-232]. Proposals in subsequent years to 
eliminate or reduce the expenditure requirements for 
marketing research have been discouraged by the 
Congress. ` 

In 1955, the Congress consolidated the Hatch Act 
and Laws supplementing it into one appropriation 
using the name of the original Act. The Hatch Act 
as amended retains the features of the previous acts, 
including the 20 percent marketing requirement 
[1, pp. 232-235]. 

Appropriations for fiscal year 1970-71 and subse- 
quent years have provided for allocating $3 million 
of Hatch funds to rural development research to be 
carried out at the state stations. The Rural Develop- 
ment Act of 1972 authorizes additional money be- 
ginning in fiscal year 1974. 


Research in Agricultural Economics Failed to 
Keep Pace With Need! 


Although the amount of research funds expended 
or allocated to the various departments is not avail- 


1 For those interested in details relative to data pre- 
sented, reference is made to the paper presented by the 
author at the 1972 Gainesville AAEA meeting [3]. A few 
copies are available in the Cooperative State Research 
Service, USDA, Washington, D. C. 
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able, useful meagures of size of research effort can be 
made. A careful count of employees receiving station 
funds for research on a part-time or full-time basis by 
department was made for 10 year intervals from 
fiscal years 1930-31 through 1970-71.* The analysis 


covered the 51 state stations, including Puerto Rico, 


Hawaii, and Alaska.? In states such as California and 
Georgia, which have more than one station and two 
or more similar departments, personnel were aggre- 
„gated into one departmental total. 

Despite the passage of the Purnell Act of 1925, 
in 1930-31 six of the 51 states including Puerto Rico 
had no agricultural economics research departments, 
and three were without such departments as late as 
fiscal year 1940-41. Of the states with agricultural 
economics departments in 1930-31, five had two 
departments, one of these generally being restricted 
to farm records. Ten years later, four states had 
second departments. In subsequent years, these 
were consolidated into one department in each state. 

In 1940-41, 396 employees received station funds 
to carry out agricultural economics research. At the 
same time, 3,609 employees were engaged in bio- 
logical and physical sciences research; work in the 
latter areas was thus well established by that time. 
A look at 1970-71 showed 1,076 station employees 
doing agricultural economics research compared 
with 10,002 in the biological and physical sciences. 
During the 30 year period 1940-41 to 1970-71, the 
number employed in agricultural economics thus 
increased 171 percent, and the number in biological 
and physical sciences research increased 177 percent. 
Agricultural economics, although in its embryonic 
stage in 1940-41, actually did not quite keep pace 
with or gain on the more established lines of research 
over the past 30 years. 

Agricultural economics has not proliferated into 
separate departments as has been true in the bio- 
logical and physical sciences. In 1970-71 only four 
stations had more than one department receiving 
station funds for economics research.4 The number 
of departments in the biological and physical sci- 


2 The counts were made from handbooks [5]. Employee 
numbers were aggregated by departments when a state had 
two or more stations. The percentage of time devoted to 
research has probably not changed significantly by disci- 
plines. If anything, the increased student enrollment in 
agricultural economics in recent years may have reduced 
the percentage of time economists devoted to research. 
Home economics departments were not included because 
the research programs often include social science, biologi- 
cal science, and physical science research. Departments 
such as information, publications, and statistics with the 
responsibility of servicing all departments were also not 
included. r 

3 Puerto Rico, Hawaii, and Alaska are included because 
they received Federal grant funds throughout 1930-31 to 
1970-71. . 

‘The second departments {n 1930-31 and 1940-41 were 
consolidated in later years. These four departments were 
new ones, generally with objectives different from those of 
the departments that were consolidated. 
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ences, despite many consolidations in recent years, 
showed a net increase from 510 in 1940-41 to 637 in 
1970-71, a gain of 127, or 2.5 additional departments 
per station. Furthermore, when the established de- 
partments were consolidated, they generally operated 
as divisions or groups under a leader with no reduc- 
tion in personnel. Another item that should be of 
interest to the agricultural economist and adminis- 
trators is the relative size of the agricultural econom- 
ics departments measured in terms of numbers of 
staff receiving station funds. The agricultural 
economics departments have more often ranked 
seventh or lower than first or second in numbers of 
staff receiving station funds. In 1970-71, 41:2 percent 
ranked fifth in size or lower compared with 21.6 per- 
cent ranked first and second.§ 

Reference should also be made to the sociological 
research at the state stations. There were seven rural 
sociology or sociology departments with 19 staff 
members receiving station support in 1930-31, 
and 19 departments with staffs totaling 115 in 
1970-71. In terms of percentage, this is a significant 
increase. However, it must be noted that in 1970-71, 
32 state stations had no such departments. Of course, 
a few rural sociologists are frequently found in 
combination departments, usually designated as 
agricultural economics and rural sociology. Except 
for Pennsylvania and Iowa (before its department of 
Rural Sociology was created), the number of staff per 
station in this discipline has seldom exceeded two or 
three. No attempt was made here to identify such 
personnel separately, and they are counted among 
those receiving station funds in the agricultural 
economics departments. If persons engaged in socio- 
logical research had been deleted from the count of 
agricultural economists, the lag in relative growth in 
agricultural economics would have stood out more. 

Despite the additional funds and the wording of 
the acts under which they were appropriated, be- 
tween fiscal years 1940-41 and 1970-71, the number 
of staff members receiving station funds in the 
agricultural economics departments, plus the econo- 
mists in other departments, showed no relative 
increase. That is, the number of agricultural econo- 
mists was only 11.0 percent as large as the number in 
biological and physical sciences in 1940-41 and 10.8 
in 1970-71. The question arises as to whether mar- 
keting funds were used, at least in part, in lieu of 
Purnell and other funds. The latter were apparently 
diverted to production departments. Funds for re- 
search in agricultural economics, other than market- 
ing, actually declined 20 percent from 1940-41 to 
1948-49, a substantial reduction when inflation that 
occurred during the period is considered.’ 


5 Calculations were made from tables referred to in [3, 5]. 

* Although expenditure data by. department and by funds 
are no longer available, for many years such data were 
summarized by OES (now called CSRS) for limited use. 
The author received complaints from some department 
heads that they were losing about as much Purnell and 
other funds as they were receiving in the form of new Re- 
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In 1970-71, of the 20 percent required to be 
expended for marketing, only 43 percent of these 
expenditures were being used for research concerned 
with the economics of marketing. The remainder, or 
57 percent, was utilized for technological research, 
usually in food science classified as marketing [2]. 


Greater Effort Needed To Expand Agricultural 
Economics Research 


All technological developments require adjust- 
ments on the part of people. Therefore, it also 
behooves state stations to do research that is con- 
cerned with enabling the people affected to make the 
best adjustments possible. It is difficult, of course, 
for research administrators to shift research empha- 
sis, especially at the discipline level, when there is no 
growth in funds, but funds received grew substan- 
tially from 1940-41 to 1970-71. Therefore, one is 
prompted to ask why and how is it that research 
effort in agricultural economics did not keep pace 
with other research. The new funds did not entail 
the reallocation of money from current lines of 
research. They permitted more staff across the board. 
These aspects have been recognized by the depart- 


ment heads and administrators at stations where a ` 


broad and comprehensive program in agricultural 
economics has been developed. 

The fact that some stations have developed a 
broad and comprehensive research program in agri- 
cultural economics indicates that with a strong 
leadership in the department and a favorable en- 
vironment, relative growth can be achieved. Switch- 
ing staff from one area to another, giving up nearly 
as much old funding as new monies, is not a viable 
way to develop a strong, well-balanced research 
program. Successful departments have expanded the 
dimensions of their research programs requiring the 
addition of well-trained researchers. 

If most agricultural economics departments had 
been willing and able to expand greatly their re- 


search and Marketing money. He made summaries by 
funds and fortunately had these data in his files when he 


began to prepare this paper. 
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search in marketing and at the same time’g 
increase research in other areas, such: as 
economics, farm management, finance,” and? 
development, many goals would have Beeitrea 


and the subject of this paper would havetbeen: quitei 7. 


different. Obviously, a department head ‘and stat 
cannot drift but must exercise much initiative.” 

Some argue that all departments need not be 
strong in all areas. This point is not debated here. 
Such a policy would be just as applicable to the 
biological and physical sciences. Certainly, speciali- ` 
zation would not change the ratio of needs for staff 
in the various disciplines to the disadvantage of the 
social sciences. 

The station director generally has many proposals 
for consideration and approval. It is well to keep 
this in mind because usually the departments which 
have clearly stated proposals to offer, convincing 
arguments as to their importance, and promising 
candidates for employment are the ones most likely 
to receive increased shares of available research 
funds. 

Agricultural economics could be proliferated into 
a number of departments, as has been done in other 
broad areas. Most economists object to such an ap- 
proach. The alternative, if both greater depth and 
breadth are to be achieved, is to have agricultural 
economics departments which are large compared 
with those in other disciplines. Growth, however, 
requires a continuing effort, and as a department 
becomes larger, administration becomes more and 
more of a full-time responsibility. Those department 
heads not willing to assume such responsibilities 
should make way for others who are prepared to do 
what needs to be done. It will be interesting to see 
what happens in the departments of agricultural 
economics and rural sociology with new funds allo- 
cated for rural development research. Will research- 
ers simply be shifted from ongoing research to new 
work, or will the dimensions of departmental research 
be expanded by the addition of new personnel? 

GLENN R. SMITH 

Principal Agricultural Economist, 
Cooperative State Research Service, 
USDA 
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_R IN TSLS AND 


Authors in this journal, as well as in others, often 
report R? coefficients for two-stage least squares 
(TSLS) equations and sometimes for other (non- 
least squares) estimators. This perhaps is not a seri- 
ous problem, but questions of interpretation arise. 
It seems inappropriate to perpetuate a concept that, 
at best, is confusing. 

For TSLS, several potential problems of interpre- 

‘tation occur. Using conventional matrix notation, 
one structural equationina simultaneous model may 
be written 


(1) yi Fia + Xp + e. 


If computations actually follow two steps, residuals 
could be computed as 


(2) = yı — Pia — XB, 


where P, is the computed F, from the first step re- 
duced forms. However, the residuals are usually (and 
correctly) defined as ‘ 


(3) = J} — Yii — XA, 


i.e., using the observed Yi. 

First, the reader may have some doubt as to 
whether R? was computed from the residuals in (2) 
or in (3). Second, if (2) is used, R? will be in the range 
(0, 1), but the result is misleading in the sense that 
‘the coefficient is not based on the observed variables 
in the equation. Third, if (3) is used, R? has the range 
(— œ, 1), as Basmann pointed out in 1962 [1]. More- 
over, Basmann argued that plausible models could 
have small (near zero or negative) R®’s. In my lim- 
ited experience, logical models seem to have R”s near 
one, but perhaps correct results have been discarded 
because of small R? coefficients, In any case, a coeffi- 
cient computed from the residuals in (3) cannot be 
interpreted in the usual way; its range is ot zero 
to one. 

A similar argument holds for generalized least 
squares (GLS) estimation, which is becoming more 


Am. J. Agr. Econ. 


GLS ESTIMATION 


frequent. For instance, a generalized difference trans- 
formation, a special case of GLS, is sometimes used 
to take account of first-order autocorrelation. Again, 
if the transformed observations are used, R? has the 
range (0, 1), but if the residuals are computed from 
the original data, then R? has the range (— œ, 1). 


(4) For y = XB + 6, 
the residual sum of squares is 


(5) vo = (y — XbY (y — Xb). 
If b is the conventional OLS estimator, then 
© vo = yy — 3, 
where 
4 = Xb. 


Equation (6) follows from the fact that 
(7) BX'XD = b'X'X(X'KY X'y m b'X'y. 
However, assume E(ee’) =o), and define b as the 
GLS estimator. 
(8) bm (XO IXYAX Ty, 
The residual sum of squares may be written 
(9) oy = yy — 2b'X'y + b'X' Xb, 
but the simplification from (7) is not available. 
Therefore, since 
vp 
Ral——, 
vy 
the usual interpretation applies for the OLS residuals 
defined by (6) but not for the GLS residuals defined 
by (9). 

In conclusion, when ambiguity is possible, authors 
should at least tell the reader how R? was computed, 
but the preferable approach would be to use other 
statistics to appraise results. 


(10) - 


Wirm G. TOMEK 
Cornel University 
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LONG-RUN IMPLICATIONS OF A TAX IN KIND TO REDUCE SUPPLY 
AND INCREASE INCOME: COMMENT 


Professor Heady [3] shows in the short run that 
taxing a percent of the physical production away 
from farmers will result in increased profits whether 
the government withholds or sells its share on the 
domestic market. For his short-run analysis Profes- 
sor Heady made the following assumptions: (1) a 
price elasticity of demand for agriculture of less than 
unity, (2) perfect competition, (3) perfect knowledge, 


and (4) n firms in the industry with identical pro- 
duction functions. The beginning position of Profes- 
sor Heady’s analysis starts with “‘the absence of any 
policy to modify supply,” and equilibrium starts 
where profits are greater than zero (x>0). 

The results of Professor Heady’s short run analysis 
do not necessarily carry over to the long run. For 
example, profit in agriculture must necessarily be 
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greater than zero because of the type of algebraic 
production function that Professor Heady used in 
the analysis and because profit includes fixed costs. 
For any output greater than zero, marginal costs 
must be above average variable costs with Professor 
Heady’s function. Therefore, average variable costs 
will be less than the price of the product where 
demand is equated with supply. This suggests that 
the algebraic function Professor Heady used is 
inappropriate for long run analysis and that he did 
not intend it for this purpose. We would argue that 
a policy mechanism is of very limited value if it is 
good for only a short run situation. Our comments 
will consider a long run extension of the case where 
the government withholds its share from the market. 

Short run versus long run implications are illus- 
trated in Figure 1. Using Professor Heady’s alge- 
braic function, the industry average variable cost 
curve would be AC and the marginal cost curve or 
supply curve would be So. Therefore supply is equal 
to demand at point e, price of the product is Ok, 
average cost to produce the product is Om, and profit 
is mkef. In this example, Om is 40k and profit is 
40ked due to the characteristics of Professor Heady’s 
equation, 

Conversely, using So as the long run supply curve 
and using Professor Heady’s basic assumption of 
perfect competition and perfect knowledge and the 
additional long run assumption of freedom of entry 
and exit, the industry’s average cost curve would be 
AC’. Profits are zero and the industry is in long run 
equilibrium. Taxing part of the farmer’s physical 
output away would cause pure profits in the short 
run due to the restricted supply just as Professor 
Heady indicated. However, in the long run, more 
firms or cropped acres could be expected to enter the 
industry causing the supply curve to shift to the 


Price 





0 


Figure 1. Comparison of short rim and long run effect 


of a tax in kind 
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right (assuming constant factor prices) until profits 
were again zero,! The results of the policy mechanism 
after long run adjustments, with freedom of entry 
and exit, would be zero profits and greater total 
output of agriculture products than before the tax in 
kind was introduced.? 

Based on perfect competition, if one wants to 
extend the analysis to the long run and have profits 
exist, it would be necessary to restrict entry and 
exit of firms. However, if implicit costs? are removed | 
from average costs and some assumptions are made 
about implicit costs of the farmer and non-farmer, 
pure profits can exist in the long run. In this case, 
Professor Heady’s algebraic function would be 
appropriate to use for a long run analysis. Assume 
that the implicit costs of a farmer (JCp) plus his pure 
profit (x/n)* is less than or equal to the implicit 
costs of a non-farmer (JCy): 


ICr + z < ICw 


It will be assumed that all non-farm production is 
engaged in perfect competition and that the pure 
economic profit is zero. In this case long run equilib- 
rium can exist with pure profits in farming if the 
value of the next best alternative employment for a 
farmer (implicit costs which may be considered as 
wages the farmer pays himself) plus profits from 
farming are less than the value of the next best alter- 
native employment for the non-farmer. However, if 
atany time 


ICr > ICy, 


then some non-farm individual will move into farm- 
ing until 





Ip oe icy 
n m 


where m is the number of new farmers.’ 


1 Entry can be viewed in several ways. For example, 
entry can be addition of new farmers or farmers may begin 
cropping Jand previously diverted, bring marginal land into 
production, or intensify production on current acres. 

2 This situation occurs when the government holds its 
share off the domestic market. This means there is less 
agricultural product marketed in the U.S. even though 
total output increases compared to the before program 
position. 

3 We use Ferguson’s definition of implicit cost. “Defini- 
tion: the implicit costs incurred by an entrepreneur in pro~ 
ducing a specific commodity consists of the amount he 
could earn in the best alternative use of his time and money. 
He earns a pure economic profit from producing X if, and 
only if, his total receipts exceed the sum of his explicit and 
implicit costs” [1, p. 165]. 

+ Total profit for the industry is r, therefore, individual 
profit is r/n. 

5It must be assumed in this analysis that x/n>0 or 
farmers would move out of agriculture. 

t One might raise the point here that if a tax in kind is 
placed on all agricultural commodities, the entry of new 
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Figure 2. Geometric illustration of effects on price, 


supply, and market revenue 


For the analysis we will examine two different 
situations. For the first situation, assume that the 
initial condition is 


ICe + = ICy. 


Using Professor Heady’s graph (Fig. 2), let So be the 
market supply curve and D be the market demand 
curve such that Od quantity is produced. Price is 
Ok, market revenue is Odek, and industry profit (a) 
is $0dek (based on Heady’s algebraic equations). An 
individual’s profit is ro/n. 

With some tax on physical production, the market 





farmers brings no further land into production. The new 
farmer merely produces on the land released by current 
farmers. The ‘1972 OBERS Report,” which is scheduled 
to be released February 9, 1973 by the Economic Research 
Service, contains projections of population and economic 
activity to the year 2020. This report estimates that crop- 
land availability for the production of food and fiber for the 
U. S. in 1980 will be approximately 457 million acres and, of 
this, 122 million acres will be idle cropland and/or cropland 
pasture. These figures were estimated using the existing 
land base, expected increase in land through development, 
and expected decrease due to non-agricultural uses. Based 
on these estimates, there is a considerable amount of land 
available that is not in production and that current farmers 
could conceivably release to new farmers. This is assum- 
ing, of course, that all land is homogeneous. Theoretically, 
when profits are made in the short run, because of a tax in 
kind on all agricultural commodities, a new farmer could 
enter farming with a firm identical to the current farmer. 
It must also be remembered that only field crops need 
large additional amounts of land for increased production, 
whereas meat, poultry, and dairy products could probably 
be produced on less land than now used. “Entry” could also 
take the form of existing farmers bringing more land, labor, 
or capital into production. 
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supply curve shifts left to Sı.” Now the quantity 
marketed is Ob at price On, and profit (mı) is $ ObAn. 
Since m> ro, there will be the condition 

Cr+ A > ICs 


which implies that non-farmers will move into the 
industry.® The influx of new farmers will cause the 


supply curve to shift from Sı toward So until the 


point is reached where the implicit cost plus profits 
of the old and new farmers is equal to the implicit 
cost of the non-farmer.® This will be at some point 
between the S, curve and the So curve. Profit per 
farmer at this point can be expressed as 2/(n-+-m) 
where there are n old farmers and m new farmers. 
The final equilibrium conditions are 
TI TO T2 


IC, - = ICy. d — = 
rrym Nian n atm 








so that the individual profit is unchanged. This tax 
in kind has increased cost to consumers, reduced 
marketed output, and left the farmers in the same 
individual profit situation as before, only now there 
are more farmers. Also, the government has the 
problem of how and what to do with its share. ` 
In the second situation we will assume that the 

initial condition is . 

ICr +% < ICy. 
With some tax on physical production, the market 
supply curve shifts left to S, (using Fig. 2 again). 
From this situation, two possible conditions can 
evolve. In the first condition after the tax, profits 
are raised sufficiently such that 

ICr +> Iw. 


Non-farmers will move into the industry until 





T 
IC. = IC. 
r oTa a 


but in this case the final equilibrium will be such that 
T? TO 


ntm 





17 Market supply curve refers to the actual quantity 
marketed and not the total supply produced. 

t One may consider non-farmers moving into agriculture 
as only theoretically possible. However, the 1969 Census of 
Agriculture reports that for the state of Texas, of the Class 
1-5 farms, that the number of farms increased from 96,115 
in 1964 to 120,798 in 1969 and that the size of these farms 
decreased from 1287.2 acres per farm in 1964 to 1078.1 
acres per farm in 1969 [5, p. VIL]. This movement held for 
only a few states in 1969, but it is evidenced that new farm- 
ers can and do move into agriculture. 

? This assumes the profit of non-farm producers remains 
zero. This is a legitimate assumption since total personal 
income of the farm section was only 2.5 percent of the total 
personal income of the non-farm sector in 1970 [2, p. 102]. 
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In this situation, the tax in kind has increased farmer 
profits and has also increased cost to consumers, 
reduced marketed output, and increased the number 
of farmers. 

In the second condition, after the tax, profits are 
raised such that 


ICr + = < ICx. 


In this case there would be no incentive for non- 
farmers to move into farming. Therefore the tax in 
kind has increased profits for farmers and has also 
increased cost to consumers, reduced marketed out- 
put, and left the number of farmers unchanged. Only 
in this last situation does Professor Heady’s short 
run analysis and our long run analysis coincide. 
Another important point that should be investi- 
gated is the agricultural policy immediately prior to 
the tax in kind. Professor Heady starts his analysis 
with “the absence of any policy to modify supply.” 
If a tax in kind policy were to be used, it would 
probably replace a policy that is now in existence. 
Suppose this tax in kind is to replace a farm policy 
on a commodity that uses some type of diverted 
acres program (in this analysis we will hold the num- 
ber of firms fixed). The effect of changing from a 
diverted acre policy to a tax in kind policy on this 
commodity would be to shift the production function 
up (since farmers are free to produce any amount 
they want). That is, an increase in the amount of 
land would cause an increase in total production for 
any given amount of variable input. Thus, where 
Professor Heady shows the effect of the tax by 
changing the production function from Q,=aX/? to 
Qp=.8aX#2 (Heady used a tax of .2), we would 
change the production function from Q,=aX1/? to 
Q,= .88aX¥?, The value of ô is one plus the amount 
by which the production function has shifted up due 
to converting diverted acres to production. 
Following Professor Heady’s example, we obtain 

the following equilibrium values: 

Pa = 1.254/95-418P, 

Qs exes BIAGIO, 

TR, = 8G 4BTR, 
TCs = 1.252/95-487C, 
Ty ™ 1.252/85~8 deg 


where Po, Qo, T Ro, TCo, and wo would be the equilib- 
rium values under the diversion program. The profit 
equation (x3) indicates: if 6<1.25, farmers would 
profit under the tax in kind program; if 6=1.25, 
they would have the same profit as before; and if 
ô> 1.25, farmers would have less profit than before. 
In 1971 the major crops under the diversion pro- 
gram were feed grains, wheat, and cotton. Approxi- 
mately 185 million acres of these crops were planted 
4, pp. 3-75], and 38 million acres were diverted 
4, p. 637]. To change from diverted acres program 
to the tax in kind program for these crops could 
mean an approximate 20 percent increase in the 
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acreage planted of these crops if all farmers use all 
their diverted acres for these crops. (They could also 
bring in marginal land not previously used in pro- 
duction.) 
Now if ô= 1.20, then 
1.2098 < 1.25%/8 

which implies 


r3 > To- 


However, in 1971 farmers received approximately . 


$2.75 billion in direct payment [4, p. 635] from the 
government for these crops. So, for farmers to have 
an increase in profit, the following condition is 
necessary: 

xı > To + government payments. 


There are other points that need clarification 
which Professor Heady may not have addressed since 
he was primarily concerned with the basic implica- 
tions of a tax in kind. For example, Professor Heady 
states that “ .. . the program could be applied to a 
single commodity without close substitutes, to com- 
modity groups that embrace all close substitutes or 
all commodities of the farm sector.” Professor Heady 
is obviously referring to the marketing of the com- 
modities and may not bave adequately considered 
how the individual farmer will allocate his scarce 
resources among the commodities he produces. 
Commodities that are not close substitutes on the 
marketing side still compete for the same scarce 
resources on the production side. An example might 
be a farmer who produces cotton and grain sorghum 
or a farmer who produces corn and hogs. 

Let us assume that a farmer produced commodities 
Y, and F, which are not close substitutes on the 
marketing side. Assume that X is the only resource 
used to produce Y; and Fs. The farmer produces 
amounts of F, and F; such that the marginal value 
product per dollar of X is equal for Y, and FY, and 
both equate to 1 or 


MVPre» _ MV Pzr z 


1.0 
Px Py 
where MVP is marginal value product and Py is 
price per unit of factor X. 


Now assume a tax is placed on Y,. From the 
farmer’s point of view, the physical productivity of 
resources will decline, i.e., he receives only a propor- 
tion of each unit of product that he produces. There- 
fore the marginal physical product curve will shift 
left; however, this is not the important consideration. 
The shift that occurs in the marginal value product 
curve is the most important consideration. This shift 
in the marginal value product curve indicates ad- 
justments in resources between products produced. 
With an inelastic demand for a commodity, a reduc- 
tion in supply is associated with a proportionately 
greater increase in price. If, for the initial taxed 
position, an increase in the price of Y, more than 
offsets the decline in physical productivity as con- 
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ceived-by the farmer due to a tax in kind, then we 
could expect a change from the original equilibrium 
position to ; 
MVProy $ MVProy _ 
Pr Pr 


This indicates that additional resources will be 
applied to F, or in the case of limited capital, re- 
sources will be shifted from Fz and applied to F, 
ignoring problems of plant fixity. For the first case, 


1. 


*“ more total Y, (the taxed commodity) would be pro- | 


duced by farmers (less is marketed given the govern- 
ment does not release its share on the domestic 
market). The incentives provided attract more 
resources into agriculture. With limited capital, more 
Yı and less F, would be produced. For this situation, 
if F, is characterized by inelastic demand, then the 
tax could very well increase farmer profits from the 
sale of both F, and F} However, it would be 
reasonable, with the increased returns per dollar of 
resources used in both F, and Ys, to expect these 
increased returns to attract additional resources 
into agriculture. Therefore, we would argue in either 
case, the tax program would attract some additional 
resources to agriculture due to the prospect of 
greater profits. 

Turning to the other possibility concerning the 
shift in the marginal value product of Yi, we have 


MVPre,) < MV Px, z 
Px Pr 


Resources would be withdrawn from Y; and F, 
output reduced, but due to the equilibrium condi- 
tions for FY,, its output could not be affected. How- 
ever, with limited capital, resources would be shifted 
from F, to Vs. If Y, were characterized by an in- 
elastic demand, then profit from Y, would decline 
negating somewhat the favorable profit response 
obtained for Yi. 

To examine the situation for a tax on all com- 
modities and for simplicity, assume that the tax 
does not change the proportion of the resource X 
going to each commodity, so all commodities may 


1. 
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be referred to as one commodity F. The initial con- 
dition before the taxis 


MVPxq = Pr. 


After the tax there are two possible conditions that 
could exist. First, if after the tax the condition is 


MVPrm < Pr, 


then this implies that resources would be shifted out 
of agriculture. However, the second possible condi- 
tion immediately following the tax could be 


MVPxm > Px. 


This second situation would be expected if the 
government did not place its share on the domestic 
market. With the marginal value product greater 
than the price of resources, the incentive would be to 
purchase additional resources in agriculture which 
would result in an overall increase in total agricul- 
tural output and an increase in resources used in 
agricultural production. It is agreed that with the 
government holding its share off the domestic 
market, less would be marketed but nevertheless 
more total product would be produced. This leaves 
the government with the task and expense of 
handling, storing, shipping, and preserving its 
share. We would wonder if this cost might not ap- 
proach the present expense of agricultural farm pro- 
grams. Therefore, we could visualize a situation 
evolving where government costs are not reduced, 
consumers’ costs for agricultural products are in- 
creased, and, yes, in some cases profits to the farmers 
are increased. 

In conclusion, this is not particularly a criticism 
of Professor Heady’s article, but rather an addition 
to it. We are concerned that there appear to be 
several cases where a tax in kind would distort 
resource allocation in agriculture and not increase 
farmer profits. In going to the long run implications, 
we have reservations that the tax in kind would, 
indeed, result in a situation where the farmer could 
“have his cake and eat it too.” 

WADE L. GRIFFIN AND RONALD D. LACE WELL 
Texas ASM University 
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LONG-RUN IMPLICATIONS OF A TAX IN KIND TO REDUCE SUPPLY 
AND INCREASE INCOME: REPLY 


Griffin and Lacewell do not offer a critique of my 
analysis. As they indicate, it is more an extension of 
my short-run analysis into a long-run context. The 
two are not necessarily or not obviously in conflict, 
and I did not present my analysis as long-run. As 
they well illustrate, the theory can be extended in 
many directions. Theirs is one extension. Crown and 
I offered another extension or modification in a 
subsequent short-run analysis [1]. Other extensions 
also are possible, and it is well that we have several 
for a policy means which already has some indica- 
tions of acceptance (e.g., commodity check-offs) and 
perhaps considerable promise. l 

The major promise of my analysis is as a short- 
run tool, and I used it in this context because the 
orientation and intense concern over agricultural 
policies have always been the short-run. Policies put 
in practice over the last several decades have never 
been attempts to bring farm firms or commodity 
sectors to a long-run equilibrium, but rather attempts 
to create greater short-run profits (i.e. an increase of 
revenue over variable costs). Generally, too, the 
actual short-run policies of recent decades alone have 
had the effects of increasing the firm’s demand for 
resources (more capital technologies, a larger land 
area per farm, etc.). Long-run conditions are not 
unique in this sense. Actual short-run policies some- 
times were ineffective because their supply control 
fixtures were not stringent enough to offset the 
increased demand for inputs; policies brought in- 
equities to agriculture because some firms greatly 
increased their demand for resources and absorbed 
a major proportion of public payments; and/or 
policies tightened controls to an extent which offset 
increased input demand at the support level of prices 


or resource returns sought or attained. 

Farm policies in the U. S., especially those of supply 
control, have never been aimed at long-run equi- 
libria. If firms and the industry were already at long- 
run equilibrium, not only in terms of first-order and 
second-order firm conditions but also in terms of 
returns to resources in agriculture at levels of all 
other sectors, there would be zero need for any 
supply control policy—-and probably near-zero 
interest of farmers for such policy. Hence, outside of 
the economist’s academic interest in it, long-run 
equilibrium criteria for agricultural policy will largely 
be the concern of an occasional conservative Secre- 
tary of Agriculture obsessed with returning agri- 
culture to a free market. This was the reason for my 
focus on the short-run. However, Griffin and Lace- 
well have made an important contribution in ex- 
tending the theory to the long-run and in detailing 
certain short-run facets obvious in my model but 
for which I lacked space. This is true and obvious 
for the case in which the tax is applied to one com- 
modity but not another or where a supply control 
program already is in effect. We could add other 
variations to the general theory by turning the tax 
to selected inputs or the entirety of inputs, by 
tracing its income and resource demand effects as 
taxes on selected outputs or inputs impinge dif- 
ferently on various geographic, commodity, or 
income groups, or by evaluating different rates of 
taxation for different income strata. The theory is 
quite general for both short-run and long-run situa- 
tions, as Griffin and Lacewell have well indicated in 
their extensions. 

Earr O. HEADY 
Iowa State University 
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RELIABILITY OF USING THE MEAN ABSOLUTE DEVIATION TO 
DERIVE EFFICIENT E, V FARM PLANS: COMMENT 


In a recent article Thomson and Hazell [3] inves- 
tigated the relative efficiency of using the mean 
absolute deviation (MAD) to approximate efficient 
E, V farm plans. The efficiency criterion was essen- 
tially calculated as a function of expected utility 
loss between two farm plans with similar expected 
income but different variances. The resultant mea- 
sure was found to be a function of the variance ratio 
of the two farm plans. A simulation experiment was 


conducted for a wide range of variance ratios, cor- 
relations, and sample sizes. 

The purpose of this note is to prove that the 
efficiency criterion used by Thomson and Hazell is 
biased. We shall first illustrate the bias through the 
graphical representation of the efficient farm plans. 
A measure of ranking different farm plans is also 
shown in the analysis that follows. Consider Figure 1 


in which the familiar E, V efficient frontier and the ™ 
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Figure 1. 


indifference curves J, U2, and U; of the farmer are 
shown. The E, MAD efficient frontier is also plotted 
but on the left of the E, V efficient frontier.! The 
optimum farm plan chosen by the farmer is the one 
at the efficient frontier tangent to the indifference 
curve with the highest utility. The question of 
relative efficiency is this: what is the loss in expected 
utility to the farmer if he had chosen the optimum 
farm plan (F;) based on Æ, MAD instead of the 
optimum farm plan (Fy) based on Æ, V? Loss in 
expected utility is simply EU(F,)—EU(F3). How- 
ever, these are not the two farm plans compared by 
Thomson and Hazell. Instead, they compared farm 
plan F, with another farm plan, F. that has the 
convenient property of having the same expected 
income as F;.* Since only in rare instances would F, 
equal Fs, F, in general is not an optimum farm plan 
to the farmer, i.e., EU (F) “EU (F:), and compari- 
son based on the criteria EU (F,) —ZU (Fy) is biased. 

To calculate the expected utilities U1, U2, and U4, 
assume that the farmer’s expected utility could be 
represented by the quadratic function of the form? 


1 The curves portray the general case’ of E, MAD effi- 
cient frontier not to be more efficient than the E, V ef- 
cient frontier. See [1] and [3], especially for large samples. 
The following analysis is, of course, applicable to the un- 
likely situations where the positions of the two curves are 
reversed, e.g., the assumptions of E, V are violated. 

2? By parametrization of E in the mathematical program- 
ming solution, the efficient frontier of optimum farm plans 
is the one with the minimum V at each E. However, only 
one of the two farm plans with fixed Æ could be optimal. 

3 See equation (1) in [3]. As is well known, the Æ, V 
formulation is based exclusively on the first two moments of 
the distribution of returns, and the quadratic utility func- 
tion is the only function that depends solely on the first 
two moments of the distribution. Note that the quadratic 
utility function is U=sE—d2, and the expected utility is 
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(1) EU(E. V) = aE — bE? — bY. 


The difference in expected utility from farm pa 
F, to farm plan Fs can now be written as 


EU(F,) — EU(F;) = a(E, — E) — b(t 
= bi Ve). 


Due to lack of knowledge concerning the values 
of a and b, the sign and magnitude of (2) may not be 
unambiguous. Fortunately, there is an alternative 
method of calculating the loss in expected utility.. 
We note that there is another farm plan, Fy, which 
lies on the same indifference curve (Us) as Fe, whose 
expected return Ey is equal to those of A, and Er. 
Thus the expected utility loss calculated between 
F, and Fs, or between F, and Fy, is equivalent. 
Rewriting expression (2) and substituting E= Er, 
one obtains 


(3) EU(F,) — EU(Fy) = — b(Vi — Vr) = (V2 — Vy). 


Loss in expected utility for the risk averse farmer 
is positively related to the incremental increase in 
expected variance due to the less efficient farm plan. 
It is also negatively related to the farmer’s degree 
of risk aversion, i.e., the more the farmer is averse 
to risk, the greater is the loss in expected utility 
from choosing E, MAD vis-à-vis the E, V farm 
plan. 

On the other hand, Thomson and Hazell compared 
farm plans F, and Fy. The loss in expected utility in 
this case is, simply, 


The bias introduced by using (4) instead of (2) or 
(3) could be calculated as 


(5) EU(F:) — EU (F) = (V1 — Vy’). 


Thus far our discussion is concerned only with 
expected utility loss to the individual farmer. Unless 
the utility function of the farmer is explicitly known, 
the method outlined above may not be feasible. How- 
ever, if interest is in ranking farm plans, then there 
are available measures of portfolio efficiency, such 
as the Sharpe Index [2], that could be adopted for 
this purpose. If farmers have the choice of either 
borrowing or lending at the rate of Hy, due to sepa- 
ration theory, the line that emanates from E; and 
is tangent to the efficient frontier at, say, Fo would 
comprise all the efficient farm plan combinations .for 
all farmers. In other words, risk averse farmers with 
different utility functions will attain higher levels of 
utility by chc-~~ing a farm plan consisting of Fo and 
Ey instead of the one on the efficient frontier which 
is tangent to their utility curves. Hence, all farm 
plans chosen by different farmers, e.g., Fo’, will lie 
on the same line Hy, Fo with the slope 


(2) =e) 





the expression in equation (1). Thus, Thomson and Hazell’s 
equation (1) should be preceded by the expected utility 
operator, and their equation (2) should be more appropri- 
ately expressed as the difference in “expected” utility. 
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Vi. 
(6) l E-G 
or the inverse 

Ly — Ez. 
6.1 S= š 
(6.1) A 


It is obvious that the most efficient farm plan 
should have the highest value of S, and the next most 
efficient farm plan the second highest value of S, 
and so on. Then S could be employed as a general 
index to rank relative efficiency of farm plans with 
different Æ, V combinations, i.e., Æ’s need not be 
kept constant. The method will give the same rank- 
ing of farm plans for risk averse farmers with dif- 
ferent utility functions. 

As a final question, it is not entirely clear whether 
it is the ratio of the income distributions variance or 
the ratio of farm plans variances that is fixed in 
Thomson and Hazell’s simulations.‘ According to 


4 Here we are referring specifically to the first paragraph 
in (3, p. 504]. “Samples of equal specified size were drawn 
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their equations, it is obvious that it should be the 
variance ratio of the farm plans that should be fixed, 
although this would require fixing both the expected 
incomes and the expected variances (population), 
and calculating the proportions of the two activities 
in advance. After this, there is not much room for 
simulations. : 

The issues raised here should in no way diminish 
the attractive computational property of the 
E, MAD approach. However, due to the fact that 
MAD tends to give lesser weights to extreme values 
of the distribution than variance, we feel that this 
type of study will be more fruitful if it is directed to 
the question of the relative efficiency of farm plans 
at the extremes of the efficiency frontier.® 

James S. ANG 
Oklahoma Siate University 





from two income distributions with equal means of specified 
correlation, and with variances in a specified ratio... .” 

5 Our preliminary results seem to bear out the fact that, 
although the Æ, MAD efficient frontier function approxi- 
mates the E, V efficient frontier extremely well, the fit is not 
as good for a high risk-high return farm plan. í 
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RELIABILITY OF USING THE MEAN ABSOLUTE DEVIATION 
TO DERIVE EFFICIENT £, V FARM PLANS: REPLY 


Professor Ang approaches the problem of measur- 
ing the efficiency of the E, MAD method of esti- 
mating the efficient frontier.from a rather different 
standpoint than ourselves. We proposed that the 
relative performance characteristic to compare is the 
probability of correct ranking of farm plans by 
income variance V for given expected income level 
E. The motivation for fixing E was not a matter of 
convenience as Professor Ang suggests, but because 
when using mathematical programming models to 
derive eficient, E, V, plans, E is parameterized and 
the minimum variance farm plan is selected for each 
critical, or basic, value of Æ. This approach could 
permit a completely objective appraisal (devoid of 
utility concepts) of the relative performances of the 
sample MAD and variance for given sample size 
n, correlation between farm plan incomes p, income 
variance ratio Vr, and functional form of the income 
distributions. However, we modified the analysis to 
take account of the fact that the importance of 
correct ranking increases with variance ratio (at 
least for risk-averse individuals) and noted that if 


individual expected utility functions are of the form 
E(U) = (E) — bY 


[where, for example, g(E)=E—bE? in Ang’s equa- 
tion (1)], then, independent of their actual expected 
utility parameters, the difference in expected utility 
between any two farm plans of equal £ is propor- 
tional to the difference in their variances for all 
individual farmers. Our modification is therefore 
achieved with very little loss in the generality of the 
results. : 

Professor Ang wants to measure the relative per- 
formance of the sample MAD in terms of loss in 
expected utility for an individual given that he 
chooses from the efficient frontiers estimated with 
the sample M AD and variance. This analysis focuses 
sharply on the optimal point and is specific to the 
individual’s utility function (in that the parameters 
must be known) and of course to the feasibility 
constraints defining the frontier. Thus his approach 
not only sacrifices generality but would not provide 
information on the relative performance of the sam- © 
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ple MAD for suboptimal decisions, a matter of some 
importance in a world where individual utility func- 
tions are but vaguely located. Consequently, while 
sympathetic to Ang’s desire to extend the analysis in 
this way, we consider his suggestion both impractical 
and too narrowly conceived, although we are grateful 
for his comment that between the (estimated) opti- 
mal points, the expected utility loss may be less than 
the loss estimated by us. 

On a more specific level, we wish to disagree with 
Ang on two counts. First, the set of efficient, E, V 
plans selected with the sample MAD need not always 
be less efficient than the set selected with the sample 
variance. It is quite possible for the two éstimated 
frontiers to intersect, sometimes repeatedly, and our 
simulation results also show that the sample MAD 
sometimes performs consistently better than the 
sample variance when income distributions are asym- 
metric. However, we would like to point out that 
the efficiencies dealt with in our paper concern the 
determination of the plans underlying these frontiers 
by comparison, through rival techniques, of two 
random variables, one distributed according to the 
plan on the frontier, the other distributed according 
to a plan above the frontier. We were not concerned 
with the positions of the frontiers per se, for as 
pointed out in our note [1], the estimation involved 
here “may make use of any estimation procedure con- 
sidered desirable” once the “best” plan (in terms of 
activity levels) has been settled on. 

Secondly, we consider that our results are applica- 
ble for all feasible values of Æ, including extreme 
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values on the efficiency frontier. This is precisely 
why we chose to undertake a general analysis and 
why we object to Ang’s concentration on the ex- 
pected utility loss between optimal farm plans. 
Furthermore, the fact that the MAD gives less 
weight than the variance to extreme values of a dis- 
tribution will affect the ranking of any two farm 
plans of unequal variance, regardless of the magni- 
tude of their individual variances. It is the variance 
ratio that counts, and this is not specific to any 
location on the eflicient frontier. 

Finally, we wish to clarify the nature of the vari- 
ance ratios used in the simulation study. We did 
not construct specific farm plans or specify any farm 
activities. We merely postulated that the income 
associated with any farm plan is a random variable, 
being drawn from an income distribution with mean 
E and variance V. Specifying population values for 
these parameters therefore sufficed to characterize 
farm plans, and the variance ratios used were the 
ratios of the V values chosen. This reduces the 
problem to ranking income distributions, and the 
fact there is a correspondence between each pair of 
E, V parameters and a set of activity levels is quite 
immaterial to the problem. 


K. J. THOMSON 

University of Newcastle upon Tyne 
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International Bank for Reconsiruction 
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PRICE AND INCOME FLEXIBILITIES AND THE DOUBLE 
LOGARITHMIC DEMAND SYSTEM: COMMENT 


Systems of double logarithmic demand functions! 
are often used to estimate price and income elas- 
ticities (or flexibilities) of demand for agricultural 
commodities. Policy. makers utilize these demand 
parameters for the rational formulation of farm pol- 
icies and programs. Hence, it is important to obtain 
concise and accurate estimates of these parameters 
as well as a clear understanding of their appropriate 
interpretation. This paper considers the theoretical 
properties of parameters obtained from such demand 


1 The advantages and limitations of these functions have 


æ been discussed by Houthakker [4] and Goldberger [2]. 


models. In particular, we wish to call attention to a 
theoretical weakness in the works of Houck [3] and 
Waugh [6, pp. 80-84] who have shown that con- 
straints? which are imposed on price and income 
elasticities, by theory, imply a set of corresponding 
restrictions on price and income flexibilities. Our 
remarks are directed towards the assumed double- 
log form for the system of demand functions em- 
ployed in the two works. That is, the system of de- 
mand functions used for reference is 


2 The constraints are: Engel aggregation, Cournot aggre- 
gation, homogeneity condition; and symmetry relation. 
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(1) a= Ays UPA; i=l, n 
j 


where g; is the quantity demanded of the (ith) com- 


modity, Y denotes money income, P; is the price of 
the (jth) commodity, a; is the income elasticity of 
the (ith) commodity, ex is the cross price elasticity 
of the (ith) commodity with respect to the (jth) 
price, and A; is a constant term. 

On taking logarithms and specifying the system 
in terms of Houck’s notation, (1) becomes 
(1.1) q = EP! +a'¥* 


where the usual definitions apply to the variables. It 
is well known that the demand functions (1) are in- 


consistent with utility theory. Except in very special. 


cases,? the system of double logarithmic functions 
does not satisfy the integrability condition and thus 
cannot be deduced from maximization of a classical 
utility function [7, pp. 105-107]. The integrability 
problem, although rather technical, is quite im- 
portant from an empirical point of view. Although 
we do not in practice derive such demand functions 
from utility maximization, it is desirable to know 
that such functions are specified, interpreted, and 
restricted in the light of consumer demand theory.‘ 

A related and perhaps more serious problem in 
applied work, assuming the demand functions used 
above, is that the adding-up-criterion (Engel aggre- 
gation) is violated. This criterion may be of little 
consequence in situations in which only one equation 


? In these cases the indifference curves are of an implau- 
sible form [7, pp. 105-107]. 

‘As we usually use aggregated data for estimating de- 
mand parameters, this correspondence holds for properly 
specified systems of market demand functions only under 
special circumstances. 
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is being estimated. However, in a complete system, 
which is the frame of reference within which Houck’s 
and Waugh’s results fall, violation of the adding-up- 
criterion destroys the consistency of the results. 
Another manifestation of the Engel aggregation is 
concerned with the income elasticities. If we impose 
the Engel aggregation condition, the income elas- 
ticities (or as Houck indicated, price flexibilities with 


` respect to income) must be all equal to one [8, pp. 


261~262]. The result that all income elasticities are 
equal to one follows from the structure of the modél 
and therefore has no practical merit. 

Where does this leave us with respect to the results 
obtained by Houck and Waugh? We note that what 
they attempted to show is that the flexibilities sat- 
isfy conditions which the elasticities themselves can- 
not satisfy due to the functional form of the demand 
equations. Hence, although the algebra is correct, 
the results in the sense that they depend upon the 
properties of.the double-log system of demand func- 
tions are of limited interest. The relationships may be 
of consequence when demand parameters are esti- 
mated on market data since it may in some sense be 
argued that the equations approximate aggregate 
individual behavior. However, to be of use in more 
than an ad hoc context, the results must be correct 
for demand functions which exhibit plausible the- 
oretical properties. Examples of the latter functions 
are found in the Rotterdam demand model [1] and 
the linear expenditure system of Stone [5]. 

RICHARD GREEN 
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PRICE AND INCOME FLEXIBILITIES AND THE DOUBLE 
LOGARITHMIC DEMAND SYSTEM: REPLY 


I have a feeling that Messrs. Green, Hassan, and 
Johnson (henceforth GHJ) have not read the Com- 
ment and Reply [1, 4] published in this Journal six 
months after the appearance of my original article. 


This omission is forgivable since that exchange prob- 
ably is not really a classic. However, it does touch on 
some, but not all, of the issues raised here by GHJ. 
Tn particular, I tried to clarify my view of the con- 
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nection between the theoretical elasticity constraints 
and double-log estimating equations. But since the 
question comes up again in a somewhat different 
vein, “here is another bead on the string of confu- 
sions” [5, p. 416]. 

Theoretical constraints on demand elasticities 
such as the Engel aggregation condition, the Cournot 
aggregation condition, the homogeneity condition, 
and the Slutsky symmetry relation were devised by 
the pioneering heavyweights in demand theory with- 
out much regard to the specific mathematical form 
of utility or demand functions. (Incidentally, a very 
good recent summary of all this is to be found in [2].) 
These constraints refer to small (maybe infinitesimal) 
changes around any given point on a multi-dimen- 
sional demand surface of a fairly general character. 

Now look at GHJ’s equation (1.1). If g’, P’, and 
Y* are viewed as small proportional changes (e.g., 
d¢/q) in quantities, prices, and incomes respec- 
tively, then things begin to clear up [4]. The tradi- 
tional theoretical constraints apply to the elements 
in E and a’ and are expressed in the matrix notation 
of my original article. 

` I then arrived at a similar, but not quite identical, 
set of constraints on the flexibilities (F =E) when 
prices (P’) are moved to the left-hand side of the 
equality. Fortunately, GHJ confirm the accuracy of 
my algebra. In this context, the double-log equation 
problem shreds away. 

To contradict GHJ flatly, I argue that the results 
I achieved for flexibilities do not depend in any way 
on the double-log system of demand functions. If the 
traditional elasticity constraints hold, then the flexi- 
bility constraints also hold. It is a separate problem 
to select the most useful estimating equation form 
for the research at hand. However, it is surely true 
that my original paper did not stress this distinction 
properly. 

I have often observed that double-log functions 
are convenient in some empirical studies, but I surely 
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do not wish to be billed as the lawyer for these equa- 
tions. They have strengths and weaknesses, some of 
the latter pointed out by GHJ. In particular, they 
cite Yoshihara’s [6, p. 261] demonstration that an 
exhaustive set of double-log demand functions (with 
g on the left) must display unitary income elasticities 
for each and every good if the budget constraint is to 
hold. Although true enough, this is a mathematical 
question, not an economic one. It is a limitation of 
the double-log form used en masse but not a weak- 
ness in the theoretical apparatus. Nobody, certainly 
not I, really knows what shape demand curves actu- 
ally have if, indeed, they have any shape. The angels 
have not vouchsafed us this information, and I, for 
one, would be most astonished to learn that they had 
any simple mathematical form, even in The Nether- 
lands. But to do any empirical work, we must make a 
selection. So the studies of Barten, Stone, Yoshihara, 
and others are most helpful, as GHJ observe. 

Now I want to comment briefly on one other spe- 
cific point mentioned by GHJ. They seem to argue 
in their next to last paragraph that the Engel aggre- 
gation problem with double-log functions also con- 
strains income flexibilities to be equal to one. I do 
not believe that this is so. If the traditional con- 
straints on elasticities are assumed and the system 
is exhaustive, then all income flexibilities are equal 
to one no matter what the mathematical structure 
of the model. This is a direct consequence of the 
homogeneity condition among price and income 
elasticities [3, p. 228]. The Engel condition is not 
the culprit nor is the double-log formulation. This 
result is the basis for my opinion that income flexi- 
bilities are not to be considered as behavioral pa- 
rameters in the Same sense as income elasticities. 
“That this is an excellent observation of impeccable 
wisdom, everyone will agree” [5, p. 17]. 

James P. Houck 
University of Minnesota 
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MEASUREMENT OF LEAKAGE BY THE USE OF AN 
INPUT-OUTPUT MODEL: COMMENT 


In the November 1968 issue of this Journal [1] 
Little and Doeksen presented a methodology for 


estimating leakage coefficients. I will attempt to 


demonstrate that the methodology does not: yield 


results which conform to their definition of leakage, 
and to provide an extension of Martin and Carter’s 
methodology [3, p. 14] which does. 

Little and Doeksen develop two models—an origi- 
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nal model and a modified model with the assumption 
of no imports. The difference between the multipliers 
derived from two models is the leakage coefficient, 
according to Little and Doeksen. The interdepen- 
dence coefficients matrix for the original model is 
(I-A) where A is the regional technical coeffi- 
cients matrix. The interdependence coefficient ma- 
trix for the modified model is [7—(A+B)]}> where 
Bis the technical coefficients matrix for imports. The 
element b; of the matrix B is defined as Miy/x; 
where Mge is the amount of imports required from 
sector $ outside the region by sector j, and x; is the 
output of sector j. If L= [I—(A+B) J?—(I—A)>, 
then, according to Little and Doeksen, the matrix L 
shows the direct and indirect requirement for im- 
ports by different sectors. The totals of each column 
of the matrix L represent Little and Doeksen’s leak- 
age coefficients. 

Little and Doeksen define leakage as “... the 
dampening of the multiplier effect resulting from the 
import of goods and services and the export of funds 
to pay for these” [1, p. 922]. The authors define 
leakage in a related publication [2, p. 17] as“... the 
net amount of the change in total output which is 
obtained outside the state as a result of the one dol- 
lar change in final demand.” The leakage coefficient 
as derived by Little and Doeksen’s procedure does 
not represent only “the net amount of the change in 
total output which is obtained outside the state as a 
result of the one dollar change in final demand.” It 
does represent what could have been obtained in the 
economy by halting imports. In that sense, it is “the 
dampening of the multiplier effect.” It is not, how- 
ever, actually the “effect resulting from imports of 
goods and services and the export of funds to pay 
for these.” ` 

What could have been obtained in the economy by 
halting imports consists of the “effect resulting from 
the imports of goods and services and export of funds 
to pay for these” and an additional interaction of 
imports and original interindustry flows. This “‘addi- 
tional interaction” should not be reflected in the 
leakage coefficients in order to maintain conformity 
between the definition and the methodology. The 
actual direct and indirect import requirement per 
dollar expansion of final demand which conforms to 
Little and Doeksen’s definition of leakage is shown 
in the following methodology. 

If the functional relationship between import re- 
quirements and output is specified, total import re- 
quirements may be computed for a specified final 
demand. For simplicity, the relationship of import 
requirement and output is assumed as 


May = bijai 
where 


Myj~ amount of imports required from sector k 
outside the.region by sector j, . 
2;== output of sector 7, 
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and | 
bj =a constant. 
Let 
M= total import requirement from sector k: 


kmi,2,-++,m 


M; = > My = > Days, 
gui jul 
= bux, + brrr + + + + binta. 


Rewriting the system of equations, 


My, = buti + bis + + + + binta 
- Mi = bnti + bnti t +++ + binta 
My = bait + Barts + ++ + + banta 


or, in matrix notation, 

a) M = Bx, 

The fundamental equation of an input-output model 
is 

(2) z= (I — AJY, 


where A is the regional technical coefficients matrix 
and F is the final demand vector. Therefore, substi- 
tuting (2) in (1), we have 


M = BI — AY = PY where P = BUI — A). 


The matrix P shows the direct and indirect import 
requirement for different sectors. Let Pyy be an ele- 
ment of the matrix P. Then, for every dollar’s worth 
of final demand for the output of sector 7, Pa; units 
of output are imported from the sector k directly by 
sector j and indirectly through requirements induced 
in other sectors of the economy. 

Let P; be the sum of the jth column of the matrix 
P. Then P; is the total import requirement for the 
economy per unit increase in final demand in sector 
j. This total import requirement consists of direct 
requirement by sector j and indirect requirement 
through induced change in other sectors of the econ- 
omy. Therefore, P_;’s actually measure “ . . . the net 
amount of the change in total output which is ob- 
tained outside the state as a result of the one dollar 
change in final demand” and “‘... the dampening 
of the multiplier effect resulting from the import of 
goods and services and the export of funds to pay 
for these.” In sum, my contention is that the matrix 
P is the appropriate matrix to measure leakage in- 
stead of Little and Doeksen’s matrix L. 

It is possible to show that Little and Doeksen’s 
procedure provides upward biased leakage coeffi- 
cients. This can be shown by expanding the matrices 


P and L by power series expansion [4, p. 144]. 
P=B(I~A)* 
= BI4+BA+BAI+BAttL. ees C3 
Lm [I= (44B) (IAJE. eee on 
=IT-+(A+B)+(A+B)*+(A+B)). eee % 
A S | ay E E vo 
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=I-+(A+B)-+(d?4+-B?4+-4B+BA)-+(4?-+AB?+ A3B) 
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+AB+AB*+4*B4+ABA+BAB+B1A+...... 20 


+(ABA+BA'+BP+BAB+BtA) +. 00... 0000. © and L>P, provided B is a non-null matrix, and 
ATR A MAI KAR cee ccc cence eee % Little and Doeksen’s leakage coefficients are biased 
a BBB. nonan ccc eeeeeeeeeeeeenes o% upward. 
: i GHOLAM MUSTAFA 
AB+BA-+AB*+A°3B+ABA+BA!+BAB 
i A Pe nae Tee, Planning Commission, Bangladesh 
He BRA OEE EEE E A OEE o aa 
= BBABA p. o.ae © ' 1Where B is null matrix, there is no import in the econ- 
+BB? +... E TEA A % omy, and the question of leakage does not arise. 
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MEASUREMENT OF LEAKAGE BY THE USE OF AN 
INPUT-OUTPUT MODEL: REPLY 


In the article [1, p. 922] we defined leakage as 
“,,. the dampening of the multiplier effect result- 
ing from the import of goods and services and the 
export of funds to pay for these.” This definition is 
used in the article and is consistent with the method- 
ology. Mr. Mustafa agrees with this in his third para- 
graph where he states, “It does represent what could 
have been obtained in the economy by halting im- 
ports. In this sense, it is the dampening of the multi- 
plier effect.” Then, in the fourth paragraph, Mr. 
Mustafa states what could have been obtained by 
halting imports. His discussion of additional interac- 
tion was included in our definition of leakage and in 
our methodology. 

The confusion arises when Mr. Mustafa takes our 


definition of output leakage from another publication ' 


[2, p. 17] which he states as “the net amount of the 
change total output which is obtained outside the 
state as a result of the one dollar change in final de- 


mand.” The definition in this article should not be 
taken out of context as it refers to an application of 
the leakage methodology. The import matrix is a net 
import matrix, since the data were available only in 
this fashion. If the import matrix could have been 
available on a gross basis, the leakage definitions 
related to output, income, and employment would 
have been stated differently and confusion would not 
have resulted. 

In summary, the definition we used includes the 
“additional interaction” which Mr. Mustafa dis- 
cusses. However, our methodology also includes this 
measure. Thus, our definition and methodology are 
consistent and our coefficients are not biased upward. 

i CHARLES H. LITTLE 
Benton & Bowles, Inc. 
GERALD A. DOEKSEN 
Rural Development Service, USDA 
at Oklahoma State University 
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Book Reviews 


Balassa, Bela (and associates), The Structure of 
Protection in Developing Countries, Baltimore, 
The Johns Hopkins Press, 1971, xviii + 375 
pp. ($12.00) 

This volume contains the results of a research 
project on the structure of protection in developing 
countries. The project was under the direction of 
Bela Balassa and was based on a number of country 
studies, ie. Brazil (Joel Bergsman and Pedro 
Malan), Chile (Teresa Jeanneret), Mexico (Gerardo 
Bueno), West Malaysia and the Philippines (John 
Power assisted by Cristina Crisostomo and Eloisa Li- 
tonjua), Pakistan (Stephen Lewis and Stephen Gui- 
singer), and finally Norway (Bela Balassa and Pre- 
ben Munthe), selected for the sake of comparing the 
structure of protection in a developed country to 
that prevailing in developing countries. 

All the country studies followed the same method- 
ology which made it possible for Bela Balassa to un- 
dertake a rigorous and valuable comparative analysis 
contained in the first five chapters of the book. The 
first chapter provides, in a concise and clear way, the 
underlying methodology of effective protection and 
procedures for measuring it. Chapter 2 reviews the 
patterns of economic structure, growth, and trade of 
the seven countries in the sample. Chapter 3 is de- 
voted to an examination of nominal and effective 
protection in these countries, while Chapters 4 and 5 
attempt, respectively, to evaluate the system of pro- 
tection and to offer guidelines for industrial protec- 
tion policy. The next seven chapters contain the 
above-referred country studies. Finally, the volume 
ends with a series of technical appendices. 

This is a valuable book which throws light on the 
important question of the consequences of protection 
on efficiency within a general equilibrium framework. 
It postulates a rigorous and uniform methodology 
which is applied to each of the countries. The uneven 
quality and availability of information in the seven 
countries surveyed required the authors, in a substan- 
tial number of cases, to modify the theoretical 
framework and make relatively arbitrary assump- 
tions. This is perhaps an unavoidable process in an 
empirical study and reflects the scarcity of data 
which conform and correspond to the theoretical re- 
quirements of the analysis. 


A comparison of the structure of protection in the 
seven countries under consideration reveals consider- 
able variation in the extent of net protection of do- 
mestic manufactured goods. The latter are highly 
protected in Pakistan, Brazil and Chile, less so in the 
Philippines, only slightly in Mexico, and not at all in 
Norway and Malaysia. In the first five countries ag- 
riculture and primary activities, in general, are 
strongly discriminated against, while in the latter 
two agriculture is protected and energy and mining 
are discriminated against. Within the manufacturing 
sector there is much similarity in the interindustry 
pattern of protection, Unfortunately, since most ag- 
ricultural activities are consolidated together, it is 
not possible to judge the extent of variations in the 
degree of discrimination as between specific agricul- 
tural products. This is one area in which further 
work appears called for—particularly since many re- 
cent input-output tables of developing countries con- 
tain a fairly high level of disaggregation of the agri- 
cultural sector. 

In fact, in Pakistan, Brazil, Chile, and the Philip- 
pines the burden of industrialization was shouldered 
almost completely by agriculture through policies 
which turned the internal terms-of-trade heavily 
against the latter sector. The efficiency and resource 
cost of such policies is clearly revealed by cases of 
negative value added (at world prices) and stagna- 
tion of agricultural production in these four coun- 
tries, while in contrast per capita food preduction 
rose rapidly in Mexico and Malaysia during the post- 
war period. There is evidence that many developing 
countries have learned their lesson and are abandon- 
ing “industrialization-first” strategies in favor of 
more balanced strategies relying on widespread agri- 
cultural development consistent with a process of 
economic and social development aimed at a combi- 
nation of economic growth, increased employment, 
and a more equal income distribution. In this con- 
nection, one possible shortcoming of this study is the 
fact that it does not analyze the effects of the pro- 
tectionist policies on objectives other than economic 
efficiency and, more particularly, on employment and 
income distribution. It appears likely that these poli- 
cies have had an undesirable impact on employment 
and contributed to 2 more unequal income distribu- 
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tion. Perhaps, in some cases, a trade-off between the 
latter objectives and economic growth—at least in 
the short-run—might have been identified. 
_ In conclusion, this is an important addition to the 
literature on trade and development and should be 
required reading for anybody interested in the effects 
of protection. 

ERIK THORBECKE 

Towa State University and 

International Labour Office 

(World Employment Programme) 


Bronfenbrenner, Martin, Income Distribution 
Theory, Chicago, Aldine - Atherton, Inc., 1971, 
xiii + 487 pp. ($14.75) 

Professor Bronfenbrenner calls his book “an old- 
fashioned income distribution book,” meaning. that 
he attempts a reformulation and restatement of in- 
come distribution along the lines of the neoclassical 
economic theory. The issues involved are complex 
and still unsettled. The book offers a fair presenta- 
tion of the opposing views on the various issues al- 
though there is discernible decline in the writer’s en- 
thusiasm when he discusses the critics of neoclassical 
theory. For example, the problem of valuing capital 
as an economic aggregate is discussed and disposed 
of in exactly eight lines (p. 397). The book is writ- 
ten at the graduate level and utilizes effectively ver- 
bal, geometric, and algebraic exposition. Its wide 
coverage also makes it useful as a reference book, 
Unlike many other books of comparable rigor, this 
onè is written in a stimulating way with occasional 
tastefully humorous remarks, 

In the first five chapters Professor Bronfenbren- 
ner establishes the importance of income distribution 
and presents some statistics relating to personal and 
functional distributions. The exposition has motivat- 
ing force, a sine gua non condition for a good text- 
book. An obvious imbalance occurs in Chapter 4, 
where a lot of space is taken up by Lorenz curves, 
concentration ratios, and various statistics, while 
some of Marx’s ideas are covered in a footnote (p. 
88). Knowing Professor Bronfenbrenner’s scientific 
objectivity, one cannot but wonder why. The neo- 
classical theory of income distribution at the micro- 
economic level is presented in Chapters 6 to 10, with 
all of Chapter 7 devoted to the “antimarginalist 
backlash.” The macro-distribution is discussed in two 
chapters (11 and 16). Chapters 12 to 15 treat inter- 
est, rate, rent, and profits theories. The last chapter 
(17) discusses guidelines, guideposts, and income 
policies in a pragmatic manner. 

The list of references is complete with the excep- 
tion of Bhaduri’s paper [1] which apparently ap- 
peared too late to be discussed or referred to in the 
book, - 

Professor Bronfenbrenner has presented the neo- 
classical position adequately, clearly, and carefully. 
But it is still a “story for the faithful.” The main 
theoretical questions still remain. Is neoclassical the- 
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ory appropriate for the explanation of distribution? 
Is there an aggregate production function? Can we 
evaluate capital independently of the rate of interest 
so that we avoid circular reasoning? The issues in- 
volved are still unsettled, and they have recently been 
discussed by Ferguson and Nell [2] on the occasion 
of publication of Bronfenbrenner’s and Pen’s 
books [3]. This reviewer can offer no better commen- 
tary than those of Ferguson and Nell, to whom the 
reader is referred. 

Yn conclusion, for this reviewer’s tastes this is the 
best book available on income distribution theory. 
Its publication will accelerate the commencing re- 
vival of distribution economics. 

THEODORE P. LIANOS 
University of California, Davis, 
and Athens School of Economics 
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Buchanan, James M., and Robert D. Tollison, 
eds., Theory of Public Choice, Ann Arbor, Uni- 
versity of Michigan Press, 1972, vi -+ 329 pp. 
($15.00) 

Most of the papers in this collection relate to Bu- 
chanan’s argument for “closed” systems of behav- 
ioral analysis: systems taking into account a person’s 
voting behavior as well as his market behavior. The 
general argument is presented in two papers by Bu- 
chanan, and also in Tollison’s introduction. With one 
exception noted below, voting is assumed to be 
selfish. 

Eighteen of the twenty-three papers are reprinted. 
(The date of original publication is shown in pa- 
rentheses when a reprinted paper is referred to 
below.) Not all the papers are discussed below. 

Papers integrating market and political behavior 
will be mentioned first; most of the papers pertain 
to political behavior alone or have only minor treat- 
ment of the relation of market behavior to political 
behavior, The most interesting of these papers is Bu- 
chanan’s treatment (1968) of multi-part public util 
ity pricing, on the basis of the voters’ assumed reac- 
tions to subsidizing buyers of utility services, assum- 
ing decreasing cost. Charles J. Goetz (1964) inge- 
niously analyzes the seriousness of the index number 
problem arising when taxes change relative prices of 
private goods and so change the weights used in de- 
fining a composite private good used conceptually in 
evaluating allocation of resources between public and 
private sectors. David B. Johnson-Mark V. Pauly 
(1969) deal with resource misallocation under Wick- 
sellian voluntary finance, when “inefficient” taxes 
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must be used in place of lump-sum taxes, The fact 
that the Wicksell system seems infeasible limits the 
significance of this resourceful discussion. 
Interactions between parents and voters are exam- 
ined by William Craig Stubblebine (1965) and Pauly 
(1967). Stubblebine assumes that the political unit 
has already decided to maximize total expenditure on 
education, and concludes that in terms of probable 
outcomes, a combination of public and private 
schools will be efficient. His choice of basic assump- 
tion seems questionable. Selecting total expenditure 
is interdependent with choosing methods of finance; 
in any case, maximizing total expenditure on educa- 
tion probably would not be accepted as an objective 
by the voters. Moreover, the private-public combina- 
tion he refers to may run counter to the voters’ in- 
terest in discouraging private education tending to 
increase expenditure on the education of the rich. 
Pauly’s work on education seems less valuable 
than Stubblebine’s. Pauly assumes that the society 
has determined a quantity of education to be pro- 


vided to each child. Then families are assumed to` 


state (without strategic behavior) the amounts of 
educational expenditure they will undertake, given 
each of a series of public expenditure figures. Each 
family is charged the maximum feasible fraction of 
the predetermined constant total expenditure per 
child. This procedure is analogous to one in which a 
discriminating monopolist would trick his customers 
into giving him information needed to maximize his 
profit. Fortunately, Pauly’s system is not likely to be 
approximated in practice. 

Buchanan (1965) and Cotton M. Lindsay (1969) 
deal with free national health services. Using his as- 
sumption of selfish voting, Buchanan finds a contra- 
diction between a person’s behavior as a customer 
demanding free service and his behavior as a voter 
providing the service. Lindsay assumes that a desire 
to promote equality is significant in relation to these 
services and deals with the cost of waiting in line as 
the social cost of promoting equality. Comparison of 
these two papers underscores the dangers involved in 
rigidly assuming selfish voting. 

Topics to be considered in papers on political be- 
havior are (a) ways of reducing conflicts among vot- 
ers, (b) possible political action undertaken because 
the corresponding private group action would be in- 
convenient, (c) unavoidable conflicts among groups 
of voters within one political unit, and (d) relations 
among political units. 

Buchanan argues reasonably that earmarking taxes 
enables the voters to arrive at the “median” expendi- 
ture on each public good, avoiding the conflict occa- 
sioned (under general-fund financing) by the neces- 
sity for determining a mix of public goods. The more 
elaborate treatment of the earmarking procedure by 
Goetz (1968) is interesting, but illustrates the diffi- 
culties associated with unwise choice of assumptions 
about voting. Goetz assumes that the voters conduct 
separate referenda on the ratio between amounts of 
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money to be spent on two public goods and the total 
amount of money to be spent on the two goods. This 
assumption appears to correspond to no political re- 
ality and weakens his analysis. 

Buchanan-Gordon Tullock (1968) suggest that the 
political unit may create gain for a monopolist’s cus- 
tomers by organizing a system for compensating the 
monopolist for foregoing use of his monopoly power. 
(Presumably it would be inconvenient for the cus- 
tomers to organize such a system.) Since future cus- 
tomers will benefit by elimination of the monopoly’ 
action, present shareholders in the monopoly might 
be compensated by receiving the proceeds of the sale 
of public securities. This is a seminal paper deserving 
serious consideration in relation to public policy. 

Most of the papers elucidating unavoidable con- 
flicts between groups of voters are straightforward, 
and for the most part lead to predictable results. 

Two of these papers, however, appear to exagger- 
ate the seriousness of the conflicts they deal with. 
Buchanan-Pauly (1970) cast doubt on the proposi- 
tion that tax deductions benefit the taxpayers able to 
use them; they point out that creating the tax deduc- 
tion will create a need for higher tax rates and that a 
person who saves money through using the deduction 
may lose a greater amount of money by paying 
higher tax rates. This seems only to suggest that al- 
ternative tax plans should be completely specified 
and that the effects of individual tax provisions can- 
not be discussed sensibly in isolation. 

Buchanan (1967) discusses the fact that the vot- 
ers’ attempts to use tax reductions and expenditure 
increases to reduce aggregate instability will be 
partly vitiated by their attitudes toward the public 
goods that are the objects of government expendi- 
tures. But here we have only the usual need for 
weighting of objectives in choosing among social ac- 
tions; it would be irrational for the voters to choose 
an action as though stability were the only signif- 
cant social objective. 

In connection with relations among political units, 
Goetz-Charles R. McKnew, Jr. demonstrate condi- 
tions under which an unconditional grant will be rel- 
atively effective (in comparison with a matching 
grant of the same size) in stimulating total public 
expenditure on a selected public good. The analysis 
depends upon the same unfortunate “referenda” as- 
sumption referred to above in connection with 
Goetz’s paper on earmarked taxes. 

Finally, Tullock proposes a division of labor 
among social scientists: the domains of. work would 
be study of choice and study of preference (includ- 
ing study of factors molding preferences.) The ne- 
cessity for Tullock’s distinction is compelling, but its 
implications for academic organization are less clear 
than Tullock suggests. 

The volume helps the reader appreciate the co- 
gency and practical importance of Buchanan’s argu- 
ment for a closed behavioral system of analysis. Un- 
questionably economists have usually made the gra- 
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tuitous assumption that social choice is made as 
though voters voted on alternative general principles, 
without knowing how the general principles would 
affect them in relation to a specific action choice. 

The difficulties involved in integration are sug- 
gested by the fact that except for Buchanan’s treat- 
ment of public utility pricing, there are no significant 
substantive achievements in integration. 

In relation to political action, the best contribu- 
tions (Buchanan on earmarking taxes, Buchanan- 
Tullock on compensation for monopolists) increase 
the flexibility of action available to voters and con- 
sumers. Use of unrealistic assumptions appears to be 
the most serious weakness in the least satisfyimg pa- 
pers. 

The assumption of selfish voting is at worst a 
valuable counter-irritant in relation to the usual self- 
less assumption. But assuming selfish voting seems 
imprudent in relation to national health service and 
military expenditures. 

The volume is valuable partly for its substantive 
results, but perhaps still more for its demonstration 
of the need for further work in the areas examined. 

J. Av NORDIN 
Kansas State University 


Di Marco, Luis Eugenio, ed., International Eco- 
nomics and Development, New York, Aca- 
demic Press, Inc. 1972, xix + 515 pp. 
($18.50) 


This book is a collection of 23 essays that are gen- 
erally unpublished elsewhere. It aims at two pur- 
poses: (1) “to bring together the main lines of de- 
velopment” in the vast field of international econom- 
ics; and (2) to “honor the many contributions of 
Professor Raul Prebisch to international economics,” 
both by retracing the main dimensions of his eco- 
nomic thought and social doctrine, and by evidencing 
their impact on the economic profession and on pol- 
icy making. Designed as an ex ante selection of au- 
thors who were asked to “contribute articles cover- 
ing their most recent work, with emphasis wherever 
possible on the connections with Prebisch’s own 
work over the years,” it achieves neither one of these 
two ambitious goals fully. The essays collected are 
highly heterogeneous—in fields of interest, ap- 
proaches, ideologies, and geographical concerns—and 
are not structured at giving a comprehensive cover- 
age of the field. Neither are the outstanding contri- 
butions of Raul Prebisch systematically evidenced, 
in part because of the bias towards orthodoxy in the 
selection of authors, with a few notable expections, 
when the major role of Raul Prebisch may have been 
to induce the need for a reconsideration of the neo- 
classical theory of transmitted growth through inter- 
national trade relations, While a number of papers 
are rather thin (making one wish that they had bene- 
fited of the standard journal article review process 
instead of receiving on-faith book treatment), the 
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book contains a number of excellent contributions, 
including several by foreign economists not currently 
read in English language professional journals, that 
will make it a must to have for most libraries. 

Three essays are directly concerned with an analy- 
sis of Prebisch’s work. Di Marco reviews the ele- 
ments of the “Prebisch thesis” of center-periphery 
relations, of deteriorating terms of trade and unequal 
distribution of welfare gains from commercial ex- 
change, and the consequent three successive stages in 
Prebisch’s policy recommendations at ECLA: indus- 
trialization through import substitution, economic in- 
tegration in the ALALC, and international assistance 
through preferential trade agreements for less devel- 
oped countries. The papers by Di Marco and Da- 
done, and by Cornejo retrace the impact of 
Prebisch’s thought on modern economic analysis and 
the nature of his social doctrine. These papers are 
rather faithful accounts of Prebisch’s work but in 
general fail to bring out what I consider to be his 
most outstanding contribution: that of a challenger 
of the established monetarist doctrines in interna- 
tional economics and of a key contributor to the de- 
velopment of the structuralist and later socialist eco- 
nomic schools in Latin America. Perhaps one of the 
best eulogies of Prebisch’s contributions is, in that 
sense, given by de Bernis’ paper on industrialization 
policies for less developed countries; this capitalizes 
on Prebisch’s findings to discuss pragmatically how 
the agricultural surplus should be captured and in- 
vested in “industrializing industries” to construct a 
coherent industrial structure. 

Other essays that relate closely to Prebisch’s work 
are the description by Pinto and Kfiakal of the way 
in which the center-periphery relations have evolved 
over the last twenty years with the increasing center- 
periphery polarization, a differentiation of the capi- 
talist center due to the relative loss of hegemony of 
the United States, and the rise of a socialist center; 
Bela Balassa’s analysis of the policies that have per- 
mitted Taiwan and Korea to evolve successfully 
from “inward-looking” import substitution industri- 
alization to “outward-looking” export oriented devel- 
opment; Fishlow’s historical description of the ori- 
gins and consequences of import substitution in Bra- 
zil; and Chipman’s attempt at developing a theory of 
exploitative trade and investment that could pro- 
vide a basis for policy making in the periphery. 

Many readers will likely find extremely useful Ar- 
thur Lewis’s reflections, 14 years after his original 
paper, on unlimited supply of labor. The article clari- 
fies a number of misconceptions on the essential ele- 
ments of the classical dual economy model, in partic- 
ular on the importance of the zero marginal produc- 
tivity of labor assumption versus the one of the exis- 
tence of an excess supply of labor. It also recapitu- 
lates much of the controversies around the empirical 
evidence on excess labor supply and on the existence 
of turning points. For a few specialists of trade the- 
ory, the theoretical exercises of Amana on stability 
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conditions and of Kemp on foreign exchange may 
also prove useful. 

Some of the thinner papers in the book are Za- 
rembka’s three sector model of economic growth that 
is neither estimated nor developed - analytically; 
Myrdal’s discussion on twisted terminologies like the 
words United Nations and developing countries; 
Elias’ identification of the role of foreign trade as a 
source of growth in Argentina; and Bhagwati, and 
Cheh’s empirical analysis of the place of exports in 
normal patterns of growth. 

The remnant papers constitute interesting contri- 
butions in a variety of disparate fields: Tinbergen 
briefly outlines the significance of non-treadable in- 
dustries for national planning; Corden exhaustively 
identifies the dimensions of the relation between pro- 
tection and growth; Dagum develops a stochastic 
model of the functional distribution of income; 
Ffrench-Davis and Arancibia discuss the potential 
roles of foreign capital versus domestic savings in 
Latin American development; Kindleberger presents 
different ways of calculating the returns from invest- 
ment in primary product industries in less developed 
countries for the different parties involved; Letiche 
describes the basic conditions and objectives of Afri- 
can economic development; Powelson recommends 
to Latin American countries to adopt a policy of 
strength for successful negotiation with the United 
States; and Harry Johnson criticizes devastatingly 
the Pearson Pariners in Development report for hav- 
ing failed to provide a new motivation for the giving 
of development assistance. 

ALAIN DE JANVRY 
Catholic University of Chile 


Dorner, Peter, Land Reform and Economic De- 
velopment, Baltimore, Penguin Books, Inc., 
1972, 167 pp. ($2.75 paper) 


This volume is one of a series of economics texts 
designed for students of economics in universities 
and colleges. It is well written and should serve as 
interesting reading for the layman as well as the un- 
dergraduate university student. The book is oriented 
toward, but not limited to, the low-income countries 
of Asia, Africa, and Latin America. 

In “The Role of Land Reform in Development 
Strategy” (Ch. 1) land reform is identified as an im- 
portant element in the process of institutional change 
as related to the redistribution of economic and po- 
litical power. (One might add the matter of social 
status and mobility among social classes to the role 
of land reform.)-Land tenure conditions are linked 
to the “third generation” problems of rural employ- 
ment and income distribution that have accompanied 
the “‘green revolution.” The main obstacles to land 
reform are political and social structures, not a lack 
of knowledge of the economics of land tenure. 

Chapter 2 is a very succinct summary of the di- 
versity in tenure conditions, issues, and approaches 
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to reform around the world—with emphasis on Latin 
America, Africa, and Asia. 

The next three chapters evaluate land reform in 
terms of developmental consequences—first, as a 
means of realigning income, and economic, social, 
and political power; second, as a means of increasing 
rural employment; and third, as a means of increas- 
ing agricultural output. The theoretical arguments 
are linked with a wide geographic range of empirical 
examples. . 

The final chapter draws rather heavily from the 
author’s article, “Needed Redirections in Economic 
Analysis for Agricultural Development Policy,” 
which appeared in the February 1971 issue of this 
Journal (pp. 8-16). The international agencies are 
urged to play a stronger and more positive role. It is 
argued that, in program analysis, consideration 
should include the creation of secure opportunities 
on the land, the development of human abilities and 
capacities, and the inclusion of income distribution 
as an explicit variable. Where extensive land redistri- 
bution is not feasible, the intensification of programs 
to support the peasants is recommended. 

For persons interested in “land reform” or “agrar- 
ian reform,” this is a good text with which to begin. 
A set of approximately 155 references is given and 
would provide sources for further study. 

The author argues that land reform should be 
among the central issues of concern to our profes- 
sion. My personal opinion as to why it has not been 
there in the past is in large part due to the unfortu- 
nate institutional and theoretical dichotomy that de- 
veloped a number of years ago. The (oversimplified) 
implication was that there were no theories with re- 
spect to institutions and no institutions in theories. 
As pointed out by the author, much of the economic 
theory has taken the institutional system as given— 
not something to be explained or determined. More 
work on the theories of institutional structure and 
change is needed in order to understand better and 
deal effectively with questions of institutional devel- 
opment. For example, what happens when a private 
enterprise system is super-imposed on a “‘feudalistic” 
socio-political structure in comparison with a broad- 
based property and socio-political structure? Also, 
what happens when education and some of the other 
services are not socialized in a private enterprise sys- 
tem? Is it possible, without passing through a period 
of extreme chaos, to move from a rigid system, with 
discipline imposed from above, to a more flexible one 
that is responsive to the masses? 


W. W. MCPHERSON 
University of Florida 


Freeman UI, A. Myrick, Robert H. Haveman, and 
Allen V. Kneese, The Economics of Environ- 
mental Policy, New York, John Wiley & Sons, 


Inc., 1973, xii + 184 pp. ($6.95 cloth, $3.95 - 


paper) 
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Krutilla, John V., ed, Natural Environments: 

Studies in Theoretical and Applied Analysis, 

Baltimore, The Johns Hopkins University Press 

for Resources for the Future, Inc., 1972, viii + 

352 pp. ($16.50)* 

Natural resources and environmental economists 
have long since learned to monitor continually the 
outputs of professionals associated with Resources 
for the Future, Inc., for valuable publications sup- 

- portive of our teaching and research activities. These 
two recent contributions represent the two extremes 
of the wide spectrum of types of publications which 
we have come to expect from the RFF staff and 
their associates. The first is a cogent summarization 
of recent contributions of the three co-authors, and 
others, emphasizing materials balance and the inter- 
connectedness of the environment and the economy. 
As such it is ideally suited for classroom use and is a 
valuable contribution to undergraduate teaching pro- 
grams. The second is at the other extreme. It is a 
collection of research papers designed to identify the 
state of the arts and, one supposes, to foster further 
research interests in the increasingly challenging and 
important areas of allocative decision-making and 
management of natural environments. As engendered 
activity increases, we would expect the culmination 
of this and future activity in a treatise, parallel to 
the first book under review, perhaps titled, The Eco- 
nomics of Natural Environments. The dissimilarity 
of the two, both in level and subject matter content, 
necessitates the separate reviews below. 

The authors of The Economics of Environmental 
Policy produced a well organized book which will 
lessen the “‘cut and paste” operations forced upon 
instructors in order to synthesize the past decade’s 
flow of information about environmental quality and 
materials balance for classroom use. It is admirably 
suited for undergraduate instruction and is a good 
pre-reader for graduate students seeking entry-level 
perceptions of problems and policy alternatives. The 
book “. . . presupposes no prior background in either 
econòmics or the natural sciences” (p. vi), and there 
is a bit for everyone—economist, political, biological, 
and natural scientist. None will feel that their exper- 
tise is slighted as the authors take great care in iden- 
tifying across the range of reader interests, the na- 
ture of environmental quality problems, and the need 
for better information, jointly-produced and -uti- 
lized, necessary to attain the objective of better en- 
vironmental management. 

The organization of the book makes it attractive 
for a variety of courses; instructors may use the en- 
tire book or assign rather well-compartmentalized 
chapters to meet course needs. In the introductory 
chapter, the authors identify sources of concern 
about environmental quality and pose economic 
questions about four current policy issues—automo- 
tive emission standards, the sulfur oxides tax, federal 
sewage treatment grants, and zero population 
growth. Chapter 2 (‘The Environment and the 


Am. J. Agr. Econ. 


Economy”) lays out the materials balance model, 
identifies possible technological options for reducing 
through-put, and concludes with an elementary dis- 
cussion of the economics of pollution control. Physi- 
cal and technical aspects of different pollutants are 
discussed in the third chapter. The Havemanian de- 


` scription of the market system and the causes of 


market failures for environmental goods and services 
—common property and public goods characteristics 
—follow in Chapter 4 (“The Market System and 
Pollution”). In “The Economic Principles of Pollu- 
tion Control” (Chapter 5), a pollution control 
model, based on benefit and cost functions, deter- 
mines socially-optimum levels of pollution control. 
Alternative control strategies are evaluated, yielding 
the conclusion that a residuals charge strategy is pre- 
ferred, The next two chapters examine current public 
policies for water and air pollution control and con- 
clude that present subsidy- and/or standards-oriented 
programs are not as cost-effective as possible alterna- 
tives adopting economic incentives. The two conclud- 
ing chapters discuss broader issues including distribu- | 
tions of benefits and costs, the ZPG-economic 
growth-environment interface, and institutional and 
political requirements for effective pollution control. 

One cannot easily criticize the contents of the 
book, since the substance of what is written has been 
largely accepted by the profession. I would have pre- 
ferred to have seen some expansion of the impor- 
tance of transaction costs in the market failure 
model of Chapter 4 and in the optimum pollution 
control model of Chapter 5, but such minor choices 
of emphasis can be easily embellished by the instruc- 
tor. Whether instructors use only the “heart of the 
authors’ message,” Chapters 2, 4, and 5, or more, the 
merits and utility of this book (including its avail- 
ability in paperback) should lead to widespread 
classroom adoption. 

The second book contains nine papers presented at 
a RFF Workshop which “. . . represent a cross-sec- 
tion of current progress in Resources for the 
Future’s natural environments program and by asso- 
ciated researchers.” The discipline origins are di- 
verse; five papers are authored by economists, and 
one each by a geographer, zoologist, landscape archi- 
tect, and psychologist. Therefore, most readers will 
be interested in only selected papers within the vol- 
ume, depending on their research interests, And, 
since the works are generally valid contributions at 
the “frontier of knowledge,” it is most difficult to 
treat each comprehensively for readers of this re- 
view. In fact, the editor (Krutilla) utilizes most of 
the 17-page introduction to brief the papers, a valu- 
able service to those whose research interests are in 
the area. l 

Of most interest to this reviewer are the very in- 
teresting first two papers by Fisher, Krutilla, and 
Cicchetti (“Alternative Uses of Natural Environ- 
ments: The Economics of Environmental Modifica- 
tion”) and by V. Kerry Smith (“The Effects of 
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Technological Change on Different Uses of Environ- 
mental Resources”); and papers by Fisher and Kru- 
tilla (“Determination of Optimal Capacity of Re- 
source-Based Recreation Facilities”) and by Brown 
and Hammack (“A Preliminary Investigation of the 
Economics of Migratory Waterfowl’). In the first 
paper, the authors develop a model for allocating 
natural environments between preservation and de- 
velopment. They make empirical estimates for Hells 
Canyon and enhance their presentation with ranges 
of outcomes due to varying parameter values. The 
resulting model yields the conclusion that in view of 
decreasing benefits from development relative to 
benefits from preservation and the impossibility of 
“undevelopment” (irreversibility), Hells Canyon is 
likely to yield greater benefits if left in its natural 
state. In the second paper, Smith, working in a theo- 
retical general equilibrium framework, shows that 
technological advances in consumer goods production 
will yield relative price increases for amenity ser- 
vices in all but peculiar cases. Thus, while the frame- 
work of analysis differs somewhat from the first pa- 
per, it is a contribution to the same theme, i.e., in- 
creasing relative prices for amenity services should 
be incorporated into preservation versus develop- 
ment decisions where irreversibilities are real. In the 
Fisher and Krutilla paper, the authors develop eco- 
nomic models for the benefits and costs for low-den- 
sity, wilderness recreation incorporating congestion 
costs. Encouraged by the findings of Stankey (“A 
Strategy for the Definition and Management of Wil- 
derness Quality”) regarding preferences of wilder- 
ness users, the authors suggest a comprehensive sim- 
ulation study with willingness-to-pay functions for 
levels of intensity of use. 

The Brown and Hammack contribution is, perhaps, 
the most exciting in terms of its development in a 
less well-hiked area of inquiry than those cited above. 
It develops an analytical framework and makes an 
initial empirical thrust for inferring the value of wet- 
lands important in the production of a common 
property, fugitive resource (ducks) when those lands 
have some development value in agricultural (pri- 
vate good) production, if drained. Willingness-to-pay 
demand models for hunters and production models for 
ducks are used to form the basis of the allocative 
decision. The need for better research information, 
particularly from biologists, on the production side, is 
an acknowledged need but while the results are not 
yet sufficient for policy-making implications, the ap- 
proach should attract the interest of researchers con- 
cerned with other fugitive, biological resources. 

The remaining papers by Shelton (“A Quantitative 
Approach to the Classification of Inland Waters”), 
Litton (“Aesthetic Dimensions of the Landscape”), 
and Chaik (“Appraising the Objectivity of Land- 
scape Dimensions”) are not immediately of interest 
to economists, although the first contains quantita- 
tive methodology which may be of applied interest in 
other problem settings and the latter two may yield 
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information useful to variable definitions for eco- 
nomic analyses requiring quality shifters in quantita- 
tive models. We will look forward to the review of. 
The Economics of Natural Resources, by the end of 
this decade, hopefully. It is off to an exciting start. 

WARREN E. JOHNSTON 

University of California, Davis 


Heady, Earl O., Leo V. Mayer, and Howard C. 
Madsen, Future Farm Programs: Comparative 
Costs and Consequences, Ames, The Iowa 
State University Press, 1972, viii + 411 pp. 
($11.95) 

The 144-region production and transport model 
for the United States developed at Iowa has been 
used to estimate the effects of about 30 potential 
land control programs. In the simulated market for 
cropland, land which cannot earn a positive rent goes 
out of production as does land taken out by program 
measures. Cropland capacity, assumed to be equal to 
1965 harvested cropland plus land declared diverted 
by recent programs, is sufficient to meet 1980 domes- 
tic demand and increase major crop exports two to 
three times. The prices per bushel required for ca- 
pacity production are $4.40 for wheat, $2.53 for 
corn, and $6.19 for soybeans. If exports remain at 
their 1965 level, total demand can be met with a 
third of the cropland capacity idled and with free 
market prices of $1.11 for wheat, $.69 for corn, and 
$1.13 for soybeans. 

The total acreage results are similar to those re- 
ported from predecessor models at Iowa. The high 
prices required for capacity production have received 
less attention. Price changes are determined in the 
model by differences in production costs among re- 
gions and lead to great variations in unconstrained 
supply responses. Some regions have stable acreage, 
while others are highly sensitive. The relative cost 
disadvantage of much of North and South Dakota is 
reflected in their coming out of production under 
free market conditions and several of the program 
alternatives. The Southeast continues to decline ap- 
parently regardless of what assumptions are made. 
Smaller marginal areas throughout the country can 
be identified from the maps. 

To evaluate the results fully would require check- 
ing the budget data used to estimate costs for the 
crops in each subregion. Price elastic land conver- 
sions to idle, pasture, and woodland are not included 
in the model, since the decision whether to farm the 
crops depends on the all or nothing condition of 
whether a positive rent can be earned. Cropland re- 
sponses to price within regions before zero total rent 
is reached would make the supply of agricultural 
products as .a whole more elastic and would reduce 
the predicted changes in long run prices associated 
with different demand conditions, Similar comments 
can be made about responses not allowed for of pur- 
chased inputs, capital, and labor use to changes in 
product prices. A hypothesis is that the general pat- 
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tern of acreage adjustments among regions would 
not be too much affected by these considerations, 
but a substantially greater long run price elasticity 
of supply of agricultural products could be found. 

Many of the program variants analyzed reflect re- 
gional goals preventing full adjustments in areas in- 
dicated to be marginal from the point of view of 
minimizing national production and transportation 
costs. Within the confines of the traditional land 
control approach, a wide range of alternatives has 
been analyzed. The results are presented objectively 
and with reasonable clarity, and they should be valu- 
able in public discussion and technical program de- 
sign. 

A few alternatives to the traditional land control 
approach are discussed but not seriously quantified 
in the book. Future volumes, it is hoped, will report 
applications to a widening range of policies, The pub- 
lic is at least as interested as ever in finding a way 
out of farm program burdens. Less static control 
programs deserve to be considered, aiming for a 
gradual approach to financial self-sufficiency for 
commercial agriculture allowing production eventu- 
ally to move to most economical areas. As one possi- 
bility, changes in diversion provisions and perhaps 
salable transfers could provide for gradual regional 
adjustment neither moving production all at once 
nor freezing locations. Passing comments are made in 
the book indicating that the incidence of land control 
programs is on land values and repeating suggestions 
for tying payments to people. To trace out the impli- 
cations seriously in numerical terms could make real 
the possibilities for people-oriented income ap- 
proaches. to commercial agriculture. Recent events, 
‘together with the large influence of international as- 
sumptions on the model results reported, bring home 
the desirability of considering a permanent policy 
stance toward international variability. A goal could 
be to reduce export subsidies over a period of years, 
aiming toward a permanent policy of cushioning do- 
mestic agriculture from yearly swings in interna- 
tional prices by basing export prices offered to pro- 
ducers on an average of the international prices of 
the past five or ten years. This is a propitious time 
to expand the range of policies analyzed. 

The last half of the book includes a highly inter- 
esting and separate study exploring policy simula- 
tions for farm adjustments. The last half also con- 
tains material on structural changes in farming and 
rural areas, an analysis of export costs, and an 
econometric study for agriculture at the U. S. level. 

G. S. ToLLEY ; 
The University of Chicago 


Machlup, Fritz, Walter S. Salant, and Lorie 
Tarshis, eds., International Mobility and Move- 
ment of Capital, New York, Columbia Univer- 
sity Press for the National Bureau of Economic 
Research, Inc., 1972, xi + 708 pp. ($20.00) 
This book comprises all papers and comments pre- 
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pared for the Conference on International Mobility 
and Movement of Capital held in 1970 under the 
sponsorship of the University’s National Bureau 
Committee on Economic Research. The 17 major pa- 
pers that make up the volume cover a wide range of 
topics on capital flows and contain both a substantial 
amount of descriptive as well as theoretical materi- 
als. Also, comments on each paper are included. 
Brief abstracts of each paper are presented which 
the reader should find helpful in selecting particular 
papers of interest. However, summaries are not 
given of the comments to each paper. A tabular 
characterization of the papers is provided, but I 
would prefer to categorize the papers as follows. 

The first category contains the papers by Cohen, 
Hawkins, and Gillespie. These papers are highly de- 
scriptive and deal with international capital move- 
ments from the standpoint of European countries. 
Cohen’s main thrust is that once the United King- 
dom was a large exporter of capital but now it no 
longer plays this role; instead, it is an international 
investment banker and a middleman of funds, Haw- 
kins concludes that, even with the European mone- 
tary coordination, unlike what was expected, capital 
movements among European Common Market coun- 
tries are not becoming more important than between 
these countries and the rest of the world. Gillespie’s 
conclusion is that, with respect to England, France, 
and Germany, each has different policies with regard 
to direct investment and takeover by foreign firms; 
also, their policy actions are inconsistent with official 
statements. Those interested in international capital 
movement methodology will not find these three pa- 
pers of particular interest, However, I did find some 
of the data presented and the conclusions derived 
quite interesting. 

Category 2 contains papers on the determinants of 
direct investments primarily made by the United 
States. Most papers contain both a theoretical model 
and an empirical counterpart. Leamer and Stern con- 
clude that the well-known portfolio approach is ap- 
propriate for decisions on portfolio investment but 
is not suitable for decisions on direct investment. 
Also, it is difficult to include in empirical work ex- 
pected returns and risks. Bryant and Hendershott 
show that frequently one is unable to discriminate 
clearly in purely statistical terms among alternative 
specifications of the determinants of international 
capital flows. Stevens builds a model where the deci- 
sion of a firm is one of making direct investments 
abroad and its choice of whether to finance these ex- 
penditures at home or abroad. He concludes that the 
firms may have borrowed more abroad but that they 
did not reduce direct investments. Severn concludes 
that the firms’ decisions to invest abroad and to raise 
funds abroad are interrelated with their domestic ac- 
tivities. Prachowny shows that, at least in 1966, the 
restraint program in the United States had perverse 
effects on the balance of payments, Reuber and 
Roseman, on studying international capital flows to 
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Canada, conclude that these flows are affected very 
little, if at all, by such factors as aggregate economic 
growth, economies of scale, research and develop- 
ment, and changes in antitrust Jaws and their en- 
forcement in the United States. They contend that 
the foreign takeover is largely explained by the level 
and pattern of mergers in the United States. Dobell 
and Wilson conclude that none of the major tax re- 
forms proposed in Canada in 1967 and 1969, if im- 
plemented, would have had devastating effects on the 
balance of payments. 

A considerable amount of work has been done on 
the determinants of direct investment in addition to 
the papers presented at this conference. Although 
there are a good many references contained in each 
paper, many references to good papers in the field 
are missing. Nevertheless, I recommend these papers 
to people who are not only working in the area of 
direct investments but also to those who do empiri- 
cal analysis in general since many of the comments 
concerning econometric estimation apply to many 
areas of research. There are excellent discussions 
concerning problems of model specification, hypothe- 
sis testing, and the like, Also, there are some excel- 
lent critiques of these papers presented in the book. 

On the topic of direct investment, I would like to 
see a conference held sometime where many of the 
panel members consist of real world international en- 
trepreneurs. Many times I feel that academic econo- 
mists really miss the boat concerning what motivates 
international firm managers to behave as they do. For 
example, whether major firms hedge against possible 
devaluations really is something that, I am convinced, 
academic economists know very little about, 

The following papers deal with capital movements 
in general. The paper by Floyd on portfolio equilib- 
rium theory of capital movements is highly theoreti- 
cal and is well done. I recommend this paper to peo- 
ple interested in economic theory. However, there is 
yet no agreement in the profession as to the validity 
of such an approach to the study of direct invest- 
ments. : 

The paper by Howle on capital mobility and pay- 
ments equilibrium attempts to explore the nature of 
the ultimate limits of fiscal policy that are imposed 
by fixed exchange rates, Also, he demonstrates that 
perfect mobility of capital makes a specie-flow mech- 
anism inoperative. Again, I would suggest that this 
paper be read along with the reviewers’ comments. 

The papers by Miller and Whitman and by Bran- 
son and Willet deal specifically with short-term capi- 
tal flows as opposed to long-term flows and direct 
investments. The first paper tries to explain the 
movements of short-term funds by constructing both 
the supply function of foreign LO.U.’s to American 
lenders and the demand function for foreign 1.0.U.’s 
by American lenders. Deviations of the GNP of the 
United States from its time trend were used as a 
préxy for risk conditions, These deviations, together 
with levels of domestic and foreign interest rates, are 
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essential influences on flows of capital. In the other 
paper, interest rates and trade flows show up as a 
most significant variable explaining changes in the 
flow of short-term funds. However, I am sure, as 
with long-term capital movements, political stability 
plays a major role; but, perhaps, these have ade- 
quately been taken account of in the rate-of-interest 
calculations. 

The paper by Borts and Kopecky is the only one 
on capital movements and economic growth. They 
construct a growth model to generate a country’s 
equilibrium pattern of various aggregative variables 
including the return flows of interest and dividends 
earned abroad. International capital movements are 
independent of national differentials in interest rates 
and continue in a given direction with a uniform 
worldwide interest rate. They conclude, using regres- 
sion analysis, that capital movements can be ex- 
plained by means of a growth model without any ref- 
erence to differential yields or to any monetary fac- 
tors. This paper, I think, contains excellent com- 
ments by Tarshis and Balassa, and I recommend 
them highly to readers. 

The remaining two papers, one by Salant and one 
by Laffer, deal with international financial intermedi- 
ation. Salant concludes that financial intermediation 
by the United States accounted for a good part of its 
liquidity deficits in the 1950’s and 1960's. Laffer 
found a one-to-one relationship between capital out- 
flow and trade surplus; a positive relationship be- 
tween capital outflow and increases in the American 
money supply; and a negative relationship between 
capital outflow and real growth, increases in exports, 
and the velocity of money in the United States, 
There is no empirical evidence that American deficits 
imply overdevaluation of the dollar. I find the com- 
ments to these papers, at least that by Modigliani, to 
be very good. 

I highly recommend this book especially to people 
interested in the areas of international economics. 
However, it is not a textbook but a book which 
should be used to supplement student texts used in 
international monetary theory courses. Again, how- 
ever, I would like to-have seen some input by real 
world entrepreneurs since many of the topics cov- 
ered largely deal with motivations of international 
firm managers. Also, as many authors pointed out, 
the data on direct investments are such that empiri- 
cal analysis can support almost any hypothesis put 
forth concerning determinants of direct investment. 
I believe that, to do meaningful quantitative work in 
this area, one needs cross-section data on individual 
firms for specific industries. I am in agreement with 
Professor Caves who, in a separate paper, states that 
the theory of direct investment belongs more to the 
theory of industrial organization than it does to other 
bodies of economic theory and, thus, individual firm 
data are required. ` 

Perhaps the most disturbing feature of this books 
the lack of emphasis on‘the welfare effects of capital 
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movements. A great deal of literature is available on 
the gains from international trade where one assumes 
that there are no international capital flows. Unfor- 
tunately, however, little work has been done on the 
welfare effects of international capital movements. 
For most countries, international capital flows are 
likely more important than trade in products. I sug- 
gest that another conference be held on the welfare 
effects of international capital movements. 

ANDREW SCHMITZ 

University of California, Berkeley 


Smith, Robert S., Frank T. de Vyver, and William 
R. Allen, eds., Population Economics: Selected 
Essays of Joseph J. Spengler, Durham, Duke 
University Press, 1972, v + 536 pp. ($17.50) 
From more than 200 of Prof. Spengier’s books and 

articles on economics; of which more than 100 deal 
with economic demography, the compilers have cho- 
sen 17 of his most profound works for this anthol- 
ogy. The essays selected were originally published 
from 1944 to 1966. Each represents the work of a 
mature and polished scholar, since Spengler’s earliest 
publications date from 1929. Surprisingly little dupli- 
cation is present among them, despite their concen- 
tration on an economic specialty that until now has 
not received the attention due it. 

The anthology is divided into three parts. The 
first, “History of Thought,” contains three essays on 
the economic and population theories of Malthus, 
Pareto, and Marshall, respectively. These chapters 
underline the validity of the well known aphorism 
(paraphrased) that those who fail to study the his- 
tory of ideas are doomed to repeat the intellectual 
fallacies of the past. 

The second part, called simply “Theory,” explores 
the relationship between population magnitude and 
growth and economic advancement. The framework 
surrounding these writings is profoundly neo-Malthu- 
sian. Discussions of “limitational” factors in popula- 
tion and economic growth, of “maladjustments” 
from a population optimum, and of pronatalist poli- 
cies are all rooted in a world view in which re- 
sources, if not fixed in the long run, are at least lim- 
ited. Of course, to summarize thus 20 years of effort 
and more than 200 pages of carefully selected mate- 
rial has its obvious hazards, but I believe the sum- 
mary to be an accurate one. The section ends with 
an essay entitled, “Was Malthus Right?” (published 
in 1966) in which Spengler asserts colorfully that 
‘Unless the wings of the stork are clipped in the 
short Indian summer that lies ahead, at least one of 
the four horsemen, Hunger, will ride within the life- 
time of our children” (p. 377). 

‘The final section, called “Development,” deals spe- 
cifically with the relation between population growth 
and the economic development of low-income coun- 
tries. The work is characterized by the same relent- 
fess style of the other essays. Long lists of factors 
that affect development appear, and their implica- 
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tions for population growth and vice versa are as- 
sessed. 

It is instructive to follow the quite rapid evolution 
of Spengler’s concern from “present-day theories 
which treat the decline in population growth as an 
important check to economic activity and expansion” 
(p. 92, published in 1944) to the view that “popula- 
tion growth is a major obstacle to economic better- 
ment in most parts of the world. It is retarding capi- 
tal formation, accelerating the rate of depletion of 
the world’s limited store of nonreplaceable resources, 
augmenting the rise of costs in increasing-cost indus- 
tries, and decelerating the rate of increase of per 
capita income” (p. 447, published in 1951). 

While some of the earlier papers, in my opinion, 
pay less attention than they should to the changes in 
the age distribution that accompany rapid population 
growth, this shortcoming was partly remedied in his 
presidential address to the American Economic Asso- 
ciation in 1965. That speech also contained a plea for 
an economic approach to population control, since 
“As matters stand, the longer-run prospect is defi- 
nitely neo-Malthusian, with man sitting on a demo- 
graphic time bomb into which legislators, and others, 
here and abroad, continue to shovel combustibles” 
(p. 353). 

Whether the population problem is adequately an- 
alyzed by assessing the number of types of relatively 
augmentable and nonaugmentable factors, that is, by 
using a neo-Malthusian framework, depends on the 
time horizon in question. Those concepts do seem ap- 
propriate for the long-run, especially if pessimistic 
assumptions about the speed and direction of techno- 
logical change are made. In the shorter run, the juve- 
nilization of the population and the consequently in- 
creased demands for social services are likely to 
press public resources even more keenly, although no 
Malthusian overtones are attached to such changes. 

Perhaps the most unusual theme, one not usually 
explored by demographers or economists, deals with 
the aesthetics of population growth. Spengler asserts 
that “undue population growth is currently tending 
to debase aesthetic values and to be fostered by such 
debasement” (p. 302, published in 1957). That work, 
contained in a presidential address to the Population 
Association of America, rises to the occasion by an- 
ticipating much of the research of the next decade 
that has asked, “Growth for what?” In addition, tan- 
talizing glimpses of the child-as-durable-consumer- 
good are given in advance of later research on that 
subject. 

In general, this is the sort of book to be read and 
savored on long, rainy winter afternoons. Because it 
provides neither recipes nor easy formulas, it is un- 
likely to appeal to persons seeking a demographic 
cookbook. The high degree of sophistication of the 
author and his unflinchingly lofty style do not per- 
mit skim-reading, much less skim-thinking. 

Spengler favors the deductive method and “the 
arithmetic example over fancier (and perhaps more 
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easily misused) econometric hypothesis testing. This 
is probably just as well, since some significant frac- 
tion of his concern—that dealing with optimum pop- 
ulation size—is simply incapable of empirical verifi- 
cation, however attractive the pure reasoning may 
be. 

The essays were published at different dates, the 
most recent being 1966. To a certain extent, they 
mirror and anticipate the intellectual currents that 
swirl around them. Since this collection has not been 
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published posthumously, its value would have been 
considerably enhanced by a retrospective overview 
by their author. Which of his own ideas does he now 


_consider dated? Which ones have time and further 


research, by himself and others, left untarnished or 
even enhanced? Spengler’s own assessment, in view 
of his evident scholarship and erudition, would have 
been helpful in this respect. 

Bruce Herrick 

University of California, Los Angeles 
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Announcements 


_ WINTER MEETING 
See AEA AMERICAN AGRICULTURAL ECONOMICS ASSOCIATION 
WITH THE 
ALLIED SOCIAL SCIENCE ASSOCIATIONS 


December 28-30, 1973 
New York, New York 


Factor Productivity in Agriculture 


(Joint session with the Econometric Society) 
December 29, 1973 
10:30 A.m. 
Chairman: T. D. Watzacz, Department of Econom- 
ics, North Carolina State University ` 
Paper: “A Cost Function Approach to the Measure- 
ment of Factor Demand Elasticities and Elastici- 
ties of Substitution” : 
Hans Brnswancer, Agricultural Development 
Council 
Paper: “The Significance of the Green Revolution in 
Recent Development Experience” 
Ropsrt Evenson, Economic Growth Center, Yale 
University 
‘Discussants: Jere BeHrman, Department of Eco- 
nomics, The Pennsylvania State University; E. J. 
R. Boots, Department of Agricultural Economics, 
The University of Connecticut 


Energy Supply and Demand in the United States 
(Joint session with the American Economic 
Association) 
December 29, 1973 
2:00 P.M. 
Chairman: Duane CHAPMAN, Department of Agri- 
cultural Economics, Cornell University 
Paper: “Incentive Policy and Supplies of Energy 
Sources” 
STEPHEN L. McDonatp, Department of Econom- 
ics, University of Texas 
Paper: “Policies for Energy Research and Develop- 
ment” 
Harry Perry and Mitton F. SEARL, Resources 
for the Future ; 
Paper: “Demand Studies for Energy Resources” 
HENDRIK HOUTHAKKER, Department of Econom- 
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ics, Harvard University, and Pure VERLECR 
Data Resources, Inc. 

Paper: “Supply-Demand Interactions: Environme 
tal Protection, Price Policy and Industrial Orga: 
zation” 

Joas Witson, Federal Power Commission 


‘Discussants: A. Myrick Freeman, Economics D 


partment, Bowdoin College; RicHarp L. Gorpo 
Department of Mineral Economics, The Penns: 
vania State University; Ropzrt KALTER, Depa 
ment of Agricultural Economics, Cornell Unive 
sity; WALTER Mean, Department of Economi 
University of California, Santa Barbara. 


Policies for Agriculture: Food and Trade 
(American Agricultural Economics Association) 
December 28, 1973 

2:00 P.M. 


Chairman: KenNerH R. FARRELL, Economic R 
search Service, USDA 

Paper: “The World Food and Agriculture Situati 
in Perspective” 
Don PaarLBERG, USDA 

Additional Papers: to be announced. 

Discussants: to be announced. 


CHANGE IN EDITORSHIP OF AJAE 


` For Volume 56 and beginning with the Februa 
1974 issue, the new editorial staff of the Americ 
Journal of Agricultural Economics will be: 

_Co-Editors: Max R. LANGHAM 

.  Lgo Poropotus 
Associate Editors: Ropert D. EMERSON 
Lester HL Myers 
Prrer G. Hermperczr will continue as, Book R 
view Editor. 


’ 
N ovember 1973 
BACK ISSUES NEEDED 


Year Volume Issue 
1919 1 1,2,3,4 
1920 2 1,2,3,4 
1921 3 1,2,3,4 
1922 4 1,2,3,4 
1923 5 1,2,3,4 
1924 6 1,2,3,4 
1925 7 1,2,3,4 
1926 8 1,2,3,4 
1927 9 3 

1928 10 -1 
1935** 17 1 

1940 22 1 

1941 23 1 

1942 24 2 

1943 25 1,2,3,4 
1944 26 2,3,4 
1945 27 1,2,3,4 
1946 28 1,2,3,4 
1947 29 1,2,3,4 
1948 30 1,2 

1950 32 1 

1951 33 1,2,3 
1952 34 1,5 

1953 35 1,5 
1954 36 1,2,3,4 
1955 37 1,2,3,4,5 
1956 38 1,2,3,5 
1957 39 1,2,3,4,5 
1958 40 12,3 
1959 41 1,3 

1960 42 1,3,4,5 
1961 43 1,2,3,4,5 
1962 44 1,2,3 
1963 45 1,2,3,4,5 
1964 46 1,2,3,4,5 
1965 47 1,3 

1967 48 2 

1968 49 1-1, 1-2 
1970** 52 1 


** Issues needed immediately—$2.00 per copy will 
be paid instead of $1.00. Journals should be sent pre- 
paid to John C. Redman, Secretary-Treasurer, 
AAEA, Department of Agricultural Economics, 
Room 220 Agricultural Experiment Station, Univer- 
sity of Kentucky, Lexington, Kentucky 40506. 


NEW JOURNAL 


Elseviers Applied Science Publishers Ltd. an- 
nounces the publication of a new journal, Agricul- 
tural Administration: An International Journal. The 
first issue of this quarterly journal will be published 
in January 1974. : 

Agricultural Administration is edited by Professor 
A. M. Duckham and Dr. J. Pearce of the University 
of Reading, England, assisted by an Editorial Board 
of 16 international authorities, It will provide a high 
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level critical, rather than “popular,” forum for the 
interchange of experience in and ideas on agricultural 
administration between different countries, commod- 
ities, production systems, and social systems. 


STUDENT REGIONAL STUDIES AWARDS 
PROGRAM 


“The Southern Regional Science Association an- 
nounces an award for the best study submitted by a 
student on a subject within the scope of regional sci- , 
ence. The author of the best study will be invited to 
present his or her paper at the annual meeting of the 
Southern Regional Science Association (SRSA) in 
Washington, D.C. on April 4-5, 1974. The author 
will also receive an honorarium of $100, and the 
study will be considered for publication in an issue 
of The Review of Regional Studies. 

The following rules govern the competition: 

1. The competition is open to undergraduate and 
graduate students (a) who are currently enrolled in 
an academic program or (b) who have completed de- 
gree requirements in the academic year 1973-1974. 

2. All studies must be submitted to the Chairman 
of the SRSA Competition Committee and post- 
marked not later than February 1, 1974. 

3. The submission should not have been previ- 
ously submitted for publication in a professional 
journal. SRSA retains the right to the use, publica- 
tion, and release of the submissions. 

4. Each study should be not longer than 15 type- 
written pages of text, double spaced, The study must 
be submitted in three copies. The study should be 
submitted in edited form, without corrections, and 


with due regard for the standard principles of for- 


mat, Footnotes should be included at the end of the 
text. 

5. The name of the author, his affiliation, and the 
title of the study should be on a separate cover 
sheet. The first text page should contain only the ti- 
tle of the study and the text. Each submission will be © 
numbered, and the cover sheet will be removed be- 
fore the study is reviewed. 

6. The author of the winning study will be noti- 
fied on or before March 10, 1974. 

Communications and papers for consideration 
should be sent to the Chairman of the SRSA Com- 
petition Committee: James M. Stepp, Department 
of Agricultural Economics, Clemson University, Clem- 
son, South Carolina 29631. 


ECONOMIC RESEARCH SERVICE 
REORGANIZATION 

The Economic Research Service (ERS) of the U. S. 
Department of Agriculture was reorganized during 
July 1973 with new priorities placed on commercial 
agriculture, consumer, and environmental quality is- 
sues. Issue-oriented, team research will be empha- 
sized in this first agency-wide reorganization of ERS 
since it was formed 12 years ago. 
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Organizational changes are designed to produce 
more timely, more accurate, more sophisticated, and 
more up-to-date research information, according to 
ERS Administrator Quentin M. West. “Initially we 
intend to concentrate on the adjustments facing 
commercial agriculture, how well agriculture is pro- 
viding for consumers’ needs and the effect of agricul- 
tural operations on the environment,” West said. 

Greater flexibility in concentrating resources on 


new problems and issues is anticipated from the ERS ` 


* changes, according to West. Organization barriers 
among divisions have been lowered to facilitate a 
team approach to issues that cut across entire sub- 
sectors of agriculture, such as the livestock industry 
or the grain industry. Cooperative relations with uni- 
versities and agricultural experiment stations are be- 
ing strengthened. - 
VISITING LECTURER PROGRAM 
The American Agricultural Economics Association 
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is again conducting a Visiting Lecturer program for 
1973-74, The Visiting Lecturer program is limited 
to those universitfes offering an undergraduate or 
master’s degree, but not a Ph.D. degree, Since Asso- 
ciation funds are not available to support the pro- 
gram, attempts are made to match the desire for a 
particular individual to give a lecture with the avail- 
ability of that person to travel to the university. 

The procedure works best where the college or 
university selects three or four specific agricultural 
economists they would like to have visit their school. 
The chairman contacts the selected individuals to see 
if they are available to give the requested lecture. 
Generally, dates are negotiated directly between the 
lecturer and the school from that point. 

The chairman would be very happy to receive re- 
quests. Send the requests to R. J. Hildreth, Farm 
Foundation, 600 South Michigan Avenue, Chicago, 
Ilinois 60605. 


News Notes 


THE AGRICULTURAL DEVELOPMENT 

COUNCIL, INC. 

APPOINTMENT! C. Geoffrey Swenson, Ph.D. Mich- 
igan State, as an associate. He will be stationed in 
Indonesia to work at the Agricultural University 
at Bogor in September 1973. 


REASSIGNMENT: Arthur T. Mosher stepped down 
on June 1, 1973, as President of ADC, a position 
he held 16 years. He will remain with the Council 
as associate for Sri Lanka (Ceylon) and as a visit- 
ing professor in the Faculty of Agriculture, Uni- 
versity of Sri Lanka, Peradeniya. 


RetmeMent: Herman M. Southworth, after 6 
years as an ADC associate in Korea. Prior to his 
departure from Korea, he was awarded an honor- 
ary doctorate of agriculture from Seoul National 
University. 


THE UNIVERSITY OF ALBERTA 

APPOINTMENT: T. A. Petersen, professor, as chair- 
man of the Department of Agricultural Economics 
and Rural Sociology. 


Rerugn: L. P. Apedaile, associate professor, from 
a two-year appointment in Zambia. 


THE UNIVERSITY OF ARIZONA 

APPOINTMENTS: John Day, Agricultural Planning 
Advisor in Turkey for one year; Thomas Stubble- 
field, one-third time assistant to the Experiment 
Station Director; Reuben Weisz, assistant agri- 
cultural economist, 


Honors: Clarence Edmond, State Leader, and the 
Community Development Section, Agricultural 
Extension Service, have been awarded the Supe- 
rior Service Award by USDA. 


UNIVERSITY OF CALIFORNIA, DAVIS 

Leaves: Ben C. French, sabbatic leave until June 
30, 1974, to study and evaluate systems analysis 
and operations research methods in agricultural 
marketing, Washington, D.C.; Refugio Rochin, 
Department of Economics, with the Ford Founda- 
tioa in Bogota, Colombia, as Program Assistant in 
Rural Development. 


CLEMSON UNIVERSITY 


APPOINTMENT: Daniel B, Smith, Ph.D. Kentucky, 
assistant professor. 


CORNELL UNIVERSITY 


APPOINTMENTS: David L. Call, from H. E. Bab- 
cock Professor of Food Economics, to Director of 
Cooperative Extension; Allen E. Lines, research 
associate and Resident Director of the Cornell- 
Miner Project located at Chazy, New York; 
Henry A. Wadsworth, Associate Director of 
Cooperative Extension. 


Leaves: Joseph B. Bugliari, six months leave for 
writing; Olan D. Forker, to ERS and Farmer 
Cooperative Service, USDA; Kenneth L. Robin- 
son, one year to International Institute of Tropi- 
cal Agriculture, Ibadan, Nigeria. 


ECONOMIC RESEARCH SERVICE 

(CED, Commodity Economics Division; FDCD, 
Foreign Demand and Competition Division; FDD, 
Foreign Development Divison; NEAD, National 
Economic Analysis Division; NRED, Natural Re- 
source Economics Division.) 


APPOINTMENTS: David P. Elliott, Ph.D. Hawaii, 
NEAD; Spencer F. England, FDCD; Steven 
Guebert, Ph.D, Wisconsin, NEAD; Linley E. 
Juers, associate administrator, ERS, USDA, 
Washington, D.C., from deputy administrator; 
Rodney C. Kite, Ph.D. Purdue, NEAD; Brian J. 
Pri FDCD; Mark Schmitz, completing 
Ph.D. North Carolina, NEAD Historical Division; 
Rodney E, Steele, FDCD; Gary C. Taylor, as- 
sistant deputy administrator, ERS, USDA, Wash- 
ington, D.C., from the National Water Commis- 
sion, 


Awanps: Wayne D. Rasmussen, leader of the Agri- 
cultural History Group, NEAD, USDA Distin- 
guished Service Award; Bill Bolton, NEAD, 
USDA Superior Service Award. 

Leave: Francis S. Urban, FDCD. 


REASSIGNMENTs: The newly reorganized ERS hase 
Quentin M. West as administrator; Linley E. 
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Juers, associate administrator; and deputy admin- 
istrator Kenneth R. Farrell heading the Food and 
Fiber Economics Group. Three divisions under his 
supervision include The National Economic Analy- 
sis Division headed by William T. Manley; The 
Commodity Economics Division, under John E. 
Lee, Jr.; and The Foreign Demand and Competi- 
tion Division, directed by Joseph W. Willett. The 
other main group, Resource and Development 

_ Economics, is headed by deputy administrator 
Lyle P. Schertz. The two divisions under this 
group are The Foreign Development Division un- 
der William A. Faught; and The Natural Re- 
source Economics Division directed by Melvin L. 
Cotmer. The Division of Information is headed by 
Wayne V. Dexter. Cecil W. Davison, CED-Ur- 


bana, Illinois, to Washington, D.C.; James R. © 


Donald, former acting director of the Economic 
‘and Statistical Analysis Division, to deputy direc- 
tor, NEAD; Samuel Donald, NEAD-Washington, 
D.C., to Southern University, Baton Rouge; Loui- 
siana; Wyatte L. Harman, CED-Stillwater, Okla- 
homa, to Washington, D.C.; Herbert R. Hinman, 
CED, Farm Production Economics Division, 
USDA, to FDD, USDA, Washington, D.C.; James 
Horsfield, NRED-Providence, Rhode Island, to 
Upper Darby, Pennsylvania; Frederick L. Hoff, 
CED-Lexington, Kentucky, to Washington, D.C.; 
George D. Irwin, former head of the Southern 
Field Group, Farm Production Economics Divi- 
sion, ERS, has been named Program Leader, 
Structure and Adjustments in Food and Fiber Sec- 
tor, NEAD, and remains headquartered at North 
Carolina State University; Neil R. Martin, CED- 
Urbana, Lllinois, to Athens, Georgia; Ronald 
Rhoade, NRED-East Lansing, Michigan, to 
Berkeley, California; Gordon Rodewald, NEAD, 
completed a short term assignment for AID in 
Jordan; Rodney L., Walker, CED-Washington, 
D.C., to Lafayette, Indiana. 


Rermements: Wylie D. Goodsell, CED; Earl F. 
Hodges, CED; Trienah Meyers, staff assistant 
to ERS Administrator; Forest G. Warren, CED. 


UNIVERSITY OF FLORIDA 

APPOINTMENT: Wen-Shyong Chern, Ph.D. Cali- 
fornia-Berkeley, research economist in the Florida 
Department of Citrus and assistant professor in 
the Department of Food and Resource Economics; 
Richard Levins, M.S. Florida, assistant professor 
and area assistant farm management specialist; 
George O. Westberry, M.S. Georgia, assistant pro- 
fessor and area assistant farm management spe- 
clalist. 

REASSIGNMENT: Leo Polopolus, professor and editor 
of AJAE, has been named chairman of the Depart- 
ment of Food and Resource Economics and co- 
editor of AJAE. 
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Resignation: Marvin Konyha, assistant professor, 
to accept a position as program leader, Manpower 
and Community Facilities, with the Community 
Resource Development Staff, Extension Service, 
USDA, Washington, D.C. . 


UNIVERSITY OF GUELPH 

APPOINTMENTS: George L. Brinkman, formerly 
with Kansas State University, associate professor 
in rural development; Karl D. Meilke, Ph.D. 
Minnesota, assistant professor in price analysis; 
Wayne C. Pfeiffer, formerly with the Ontario 
Ministry of Agriculture and Food, assistant pro- 
fessor in production economics; Richard L. Trim- 
ble, Ph.D. Michigan State, assistant professor in 

. agricultural finance. 


ResicnaTion: John C. Flinn, associate professor, 
to ITTA, Ibadan, Nigeria. 


Return: Murray A. MacGregor, professor, from 
one year leave of absence at the University of Ed- 
inburgh. 


UNIVERSITY OF ILLINOIS 
APPOINTMENT: Thomas L. Frey, associate profes- 
sor. 


Leave: R. W. Herdt, on leave with the Interna- 
tional Rice Research Institute, Philippines, for one 
year ending July 31,1974. ` 


Return: V. I. West, from two years leave at Njala 
University College, Sierra Leone, West Africa. 


INSTITUTO INTERAMERICANO DE CIEN- 
CIAS AGRICOLAS DE LA OEA 

APPOINTMENTS: -(in recently initiated Hemispheric 
Marketing Program): Michael J. Moran, pro- 
gram coordinator; Carlos Fletschner, marketing 
specialist; Norberto Frigerio, marketing special- 
ist; Hugo Torres, marketing specialist; J. Pablo 
Torrealba, marketing specialist. ` 


IOWA STATE UNIVERSITY 


APPOINTMENTS: Bruce R. Beattie, formerly with 
the University of Kentucky, associate professor of 
economics; Michael D. Boehlje, formerly with 
Oklahoma State University, associate professor of 
economics; Robert W. Crown, assistant profes- 
sor; John J. Miller, research associate. 


Leaves: Leo V. Mayer, associate professor, contin- 
ues on leave through June 30, 1974, to serve as 
senior staff economist with the President’s Council 
of Economic Advisers, Washington, D.C.; Rich- 
ard C. Maxon, associate professor, continues on 
leave through August 31, 1974, to serve as senior 
visiting lecturer, Department of Agriculturfl Eco- 
nomics, University of Ibadan, Nigeria, sponsored 
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by the Rockefeller Foundation; Hylke Van de 
Wetering, associate professor, for two years be- 
ginning August 1, 1973, to serve as Chief-of-Party 
on the Iowa-Peru project in Lima, Peru. 


Resicnation: H. B. Howell, professor in the Coop- 


erative Extension Service, after 39 years of ser- 
vice. 


UNIVERSITY OF KENTUCKY 


ÅPPOINTMENTS: Larry D. Jones, Ph.D. Purdue, as- 
sistant extension professor in consumer marketing; 
Clyde F. Kiker, Ph.D. Florida, assistant profes- 
sor. 


Leave: Barry W. Bobst, associate professor, to 
Khon Kaen, Thailand, with the Kentucky/AID 
team. $ 


UNIVERSITY OF MASSACHUSETTS 


APPOINTMENTS: Jon M. Conrad, assistant profes- 
sor; Barry C. Field, assistant professor. 


Awarp: Bradford Dean Crossmon received the 
Distinguished Member Award from the North- 
eastern Agricultural Economics Council in rec- 
ognition of his 36 years of “continuous devoted 
service to Northeastern agriculture.” 


RETREMENT: Sargent Russell, professor, after 28 
years of service. 


MICHIGAN STATE UNIVERSITY 


APPOINTMENTS: Darrell Fineup, professor, for two 
years; Eckart Guth, post doctoral study; Peter 
Reider, visiting professor, for one year. 


Leave: Dale Hathaway, leave extended for one 
year. 


Resicnarion: Dale Hathaway, as Department 
Chairman. 


MISSISSIPPI STATE UNIVERSITY — 


ÅPPOINTMENT: David W. Parvin, Jr., formerly with 
the University of Georgia at Experiment, associate 
professor in farm management-production eco- 
nomics. 


THE UNIVERSITY OF NEBRASKA 


APPOINTMENT: Duane Olsen, Ph.D. Missouri, as- 
sociate professor in resource development. 


OHIO STATE UNIVERSITY 


RETREMENT: Clarence C. Bowen, associate pro- 
fessor, after 26 years of service. 


OREGON STATE UNIVERSITY 
APPOINTMENTS: Ludwig M. Eisgruber, professor 
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and head of the Department of Agricultural Eco- 
nomics; Sheng Hui Liao, research associate; 
Stanley F. Miller, associate professor and direc- 
tor, OSU/AID Weed Control Project. 


Leaves: Clinton B. Reeder, assistant professor and 
extension marketing/management specialist, one 
year sabbatical beginning October 1, 1973; Russell 
C. Youmans, associate professor and extension re- 
source economist, one year sabbatical to Indiana 
University and India, beginning September -1, 
1973. 


RETIREMENT: Marion D. Thomas, professor and 
extension economist, after 35 years of service. 


UNIVERSITY OF RHODE ISLAND 

APPOINTMENT: Ronald G. Cummings, formerly 
with Resources for the Future, Inc., in Mexico, as 
professor and chairman, Department of Resource 
Economics. 


` STATISTICAL REPORTING SERVICE 


(ED, Estimates Division; OA, Office of Administra- 
tor; RD, Research Divison; SD, Survey Division; 
SSO, State Statistical Office.) 


Honors: Emmett B. Hannawald, ED, USDA Su- 
perior Service Award; Harold F. Huddleston, 
RD, USDA Superior Service Award. 


REASSIGNMENT: James R. Garrett, Indiana SSO to 
ED-Washington, D.C. 


ReETREMENTS: Gordon G. Butler, ED; Emmett B. 
Hannawald, ED; Coyle M. Whitworth, South 
Carolina SSO. 


UTAH STATE UNIVERSITY 

Honor: E. Boyd Wennergren, economist, received 
the Order of the Condor of the Andes, the highest 
civilian award given by the Bolivian Government, 
for humanitarian and professional assistance of a 
continuous nature to the people of Bolivia. 


REASSIGNMENT: Morris Whitaker will be with the 
Utah State University/AID program in Bolivia. 


Return: Lloyd Clement, after a three year assign- 
ment in Bolivia. 


VIRGINIA POLYTECHNIC INSTITUTE AND 
STATE UNIVERSITY 

APPOINTMENTS: Sandra S. Batie, Ph.D. Oregon 
State, assistant professor; George L. Greaser, in- 
structor. 


Resicnation: David L. Holder, assistant profes- 
sor, to Farmer Cooperative Service, USDA. 
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WASHINGTON STATE UNIVERSITY 


ApromvTMents: David W. Holland, formerly with 
the University of Kentucky, assistant professor; 
Walter Miklius, director of the Economic Re- 


search Center at the University of Hawaii, visiting - 


professor for one year. 


Leave: Leroy L., Blakeslee, for one and one-half 
year assignment with Iowa State/AID program in 
Thailand. 


WEST VIRGINIA UNIVERSITY 


Return: Ernest J. Nesius, from two years in Viet- 
nam as employee of the Foreign Development Di- 
vision of USDA but under the direction of 
USALD. He directed the Agency’s program of ag- 
ricultural economics assistance to the Vietnamese 
agricultural leadership, He has been appointed 
Benedum Professor of Agricultural Economics. 


UNIVERSITY OF WISCONSIN 


APPOINTMENTS: Richard C. Bishop, assistant pro- 
fessor of natural resources; Gerald R. Campbell, 
assistant professor of commercial agriculture/ 
marketing; Sydney D. Staniforth, director of the 
Recreation Resources Center; Bruce Weber, 
project associate at the Institute for Environmen- 
tal Studies. 


Leave: Daniel W. Bromley, for one year as econo- 
mist with the Economic Analysis Group in the 
Office of the Secretary, U. S. Department of Inte- 
rior, Washington, D.C. 


OTHER APPOINTMENTS 


Scott Adelsbach, M.S. California, Davis, assistant 
‘agricultural economist, California State Depart- 
ment of Agriculture, Sacramento. 

Malcolm D. Bale, Ph.D. Wisconsin, assistant pro- 
fessor, Montana State University. 

Wayne A. Boutwell, Ph.D. Virginia Polytechnic In- 
stitute and State University, to Commodity Eco- 
nomics Division, ERS, USDA. 

Guy Brady, Jr., M.S. Arkansas, for a three month 
tour with the U. S. Army, then to Goodpasture, 
Inc., Grain Brokers, Houston, Texas. 

Bayford D. Butler, M.S. California, Davis, to Fed- 
eral Intermediate Credit Bank of Berkeley, 2120 
Milvia Street, Berkeley. 

Mario Chacon, M.S. California, Davis, to AV. 
Universidad 1900 Ed., 8-403, Mexico 20 D.F. 

Donald Chafin, Ph.D. Ohio State, to the Northern 
Trust Company, Chicago, Ilinois. 

Don Wayne Collinsworth, M.S. California, Davis, 
economist, Department of Fish and Game, State of 
California—-Resources Agency, 1416 Ninth St., 
Sacramento, California. 

«Vincenzo Cosentino, M.S. California, Davis, to 
Centro Di Specializzazione E Ricerche Econom- 
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ico-Agrarie Per Il Mezzogiorno, 80055 Portici, Na- 
poli, Italy. 

Al Dyer, Ph.D. Utah State, Department of Forest 
Science, Colorado State University. 

Roberto Fanfani, M.S. California, Davis, to Centro 
Di Specializzazione E Ricerche Economico-Agrarie 
Per Il Mezzogiorno, 80055 Portici, Napoli, Italy. 

Donald Gailey, Michigan State, trainee, Commer- 
cial: Lending Division (Agriculture), First Na- 
tional Bank, Dallas, Texas. 

John Keith, Ph.D. Utah State, Utah Water Research 
Lab, Utah State University. 

Yi-chuang Kuo, M.S. California, Davis, Research 
Institute of Agricultural Economics, Chung-Hsing 
University, Taichung, Taiwan, ROC. 

Richard E. Maxwell, M.S. Arkansas, to Wellens & 
Co., Inc., Animal Feed Brokers, 6700 France Ave- 
nue South, Minneapolis, Minnesota. 

Roger D. Montgomery, Ph.D. Cornell, to West Af- 
rica as contract professor of economics for Uni- 
versity of Michigan. 

Terry A. Moore, M.S. Florida, to enter law school 
at the University of Florida. 

Larry C. Morgan, Ph.D. Kentucky, assistant profes- 
sor, University of Tennessee. 

Gerald Nehman, Ph.D. Ohio State, to the Battelle 
Memorial Institute, Columbus, Ohio. 

Norman E. Payne, Ph.D. Cornell, to the Farm 
Credit Banks of Springfield at Springfield, Massa- 
chusetts. 

Iby Pedroso, Ph.D. Ohio State, to Ministry of Agri- 
culture, Brazilia, Brazil. 

Hormoz Saleh, Ph.D. Cornell, returned to Iran and 
is privately engaged in developing beef and sheep 
production. 

Yony Sampaio, M.S. California, Davis, to Graduate 
School of Economics, Universidade Federal De 
Pernambuco Engenho Do Meio, 50,000 Recife— 
Pernambuco, Brazil. 

Blas Santos, M.S. California, Davis, to Catholic 
University Madre y Maestra, Santiago, Dominican 
Republic. 

John Schamper, Ph.D. Wisconsin, research associate 
in dairy marketing, Department of Agricultural 
and Applied Economics, University of Minnesota, 
St. Paul. 

Narendra P. Sharma, Ph.D. Virginia Polytechnic 
Institute and State University, to International 
Bank for Reconstruction and Development. 

Nureddin Tagqieddin, Ph.D. Utah State, to the Jor- 
dan Valley Commission, Aman, Jordan. 

Bruce C. Thompson, M.S. Wisconsin, agricultural 
statistician, Statistical Reporting Service, USDA, 
Madison, Wisconsin. 

Ratna D. Wahab, M.S. Wisconsin, agricultural engi- 
neer, Bureau of Agricultural Economics, Jakarta, 
Indonesia. 

J. Keith Wilkinson, Ph.D. Kentucky, Agricultural 
Division, Statistics Canada. 

Tom Williams, Ph.D, Utah State, Division ap Busi- 
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ness and Economics, Southern Utah State Univer- 
sity. ` 


OBITUARIES 

John Harvey Bondurant, 72, professor at the Uni- 
versity of Kentucky for more than 40 years, died 
April 16, 1973, as a result of an accident at his 
home in Lexington, Kentucky. 

A Kentucky native, Bondurant earned his B.S. 
at the University of Kentucky and M.S. and Ph.D. 
degrees at Cornell University. He was a member 
of the University of Kentucky Agricultural Eco- 
nomics faculty from 1932 until his retirement in 
1971, After 1971 he continued his research at the 
University and many of his public service activi- 
ties. 

His major contributions included teaching land 
economics, farming systems, and land appraisal, 
and serving on state committees for land zoning 
and taxation. He was a project manager for the U. 
S. Resettlement Administration, which procured 
thousands of acres of land, much of which is now 
in Kentucky state parks. He pioneered in the orga- 
nization of the Kentucky Association of Farm 
Managers and Rural Appraisers and served as sec- 
retary-treasurer from its inception in 1949 until 
his death; he was named appraiser of the year in 
1949, He was an AID adviser to the Joint Com- 
mission of Rural Reconstruction, Republic of 
China, in the Taiwan land reform program; the 
Kentucky representative for USDA annual cost 
and return studies of commercial family farms; 
and member of numerous professional societies in- 
cluding the American Agricultural Economics As- 
sociation, International Association of Agricultural 
Economists, Alpha Zeta, and Gamma Sigma Delta. 


Jobn H. Bragg suffered a fatal heart attack Novem- 
ber 3, 1972, in Ibadan, Nigeria. He had been a 
faculty member of the Department of Agricultural 
and Food Economics at the University of Massa- 
chusetts since 1955. 

Bragg received a B.S. and M.S. from the Uni- 
versity of Maine and a D.B.A. from Indiana Uni- 
versity. He taught management courses at the Uni- 
versity of Massachusetts and was working with a 
team of specialists on a USAID project in Nigeria 
when stricken at the University of Ife in Ibadan. 
He is survived by his wife Phyllis, two daughters, 
Elizabeth and Judith, and son John, 


William T. Butz, professor of agricultural econom- 
ics at The Pennsylvania State University, died No- 
vember 8, 1972. 

He had been a member of the faculty since 
1951. He was both a dedicated teacher and active 
researcher on the operational efficiency problems 
in dairy plants. Although his principal interest was 
daisy marketing, he also conducted several studies 
on processing efficiency and marketing of mush- 
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rooms. He co-authored a text on international un- 
derstanding, and for a number of years he and the 
co-authors taught a course based on the text. Both 
course and text were pioneering efforts. 

His interest in students is reflected in the active 
role he played in initiating several new student 
programs. He was instrumental in the organization 
of the Association’s student debating contests and 
in coaching Penn State’s teams. He also organized 
a departmental internship program which permit- 
ted students to obtain credit for supervised work 
in government and business positions. Because of 
his reputation for thoroughness and fairness and 
his skill as a mediator, he was repeatedly selected 
for the chairmanship of departmental committees 
and elected to the University Senate. Memorial 
gifts in his honor are being accepted by the Penn 
State Alumni Association. 


Walter H. Ebling, 81, retired State Statistician for 


Wisconsin, died May 2, 1973, after a brief illness. 

After teaching in Wisconsin rural schools from 
1911 to 1917 and serving in World War I, Ebling 
served as assistant to H. L. Russel, Dean of Wis- 
consin’s College of Agriculture until 1926, In 1929 
he earned his doctorate and started his career with 
USDA’s Crop and Livestock Estimates Service, 
where he worked until 1960. Ebling’s main concern 
was to collect information from farmers and inter- . 
pret the meaning in precise and lively reports. He 
also pioneered the first county farm bulletin, an 
idea now adopted by many other states. Long in- 
terested in young people, he prepared material for 
vocational agricultural teachers to acquaint farm 
youth with the agricultural facts of their localities, 
In 1951 Ebling was the first data specialist to win 
USDA’s Distinguished Service Award for manag- 
ing his office so well that it became an integral and 
vital part of Wisconsin’s rural economy. 


H. Brooks James, former president of the American 


Agricultural Economics Association, died on 
March 24, 1973. Born in North Carolina in 1912, 
he received the B.S. and M.S. degrees from North 
Carolina State University and the Ph.D. degree 
from Duke University. He did post-doctoral work 
at the University of Chicago. 

Following graduation in 1932, Brooks James 
managed a farm, taught vocational agriculture, 
and served as a county agent and Extension farm 
Management specialist. He was appointed to the 
NCSU faculty in 1944 and became head of the 
Department of Agricultural Economics in 1950, In 
that capacity, he presided over the Department in 
its period of greatest growth. As Director of In- 
struction in the School of Agriculture and Life 
Sciences, he led the modernization of the under- 
graduate programs of the School. He became Dean 
of the School in 1960 and was appointed Vice» 
President for Research and Public Service of the 
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_ Consolidated University of North Carolina in 
1970, a position he held until his death. 

. .. Brooks James had a deep interest in economic 
`- development and had numerous overseas assign- 
ments for the U.S. government. He was a superb 
administrator, a man of ideas and vision whose 
constant goal was a better life for all mankind. 


C. Delmar Kearl, 55, professor of farm manage- 
ment at Cornell University, died suddenly on June 
* 27, 1973. - 

Born in Provo, Utah, Kearl received the B.S. 
degree from Utah State University and served 
four years in the U. S. Army. He received the 
M.S. and Ph.D. degrees from Cornell and joined 
its faculty as an assistant professor in 1949. He 
was promoted to associate professor in 1952 and 
to professor in 1961. 

During his professional career, Kearl specialized 
in farm management. He taught a course in cost 
accounting, but spent most of his time and energy 
undertaking research on farm enterprise costs and 


returns and on evaluating new technology. He | 
made his research available through a series of an-- 


nual publications and took part in extension pro- 
grams with farmers and others. Kearl was a com- 
petent, energetic, and forceful faculty member 
who researched his subject before arriving at con- 
clusions which he was willing and able to defend, 
whatever the challenge or whoever the challenger. 

Beginning in 1954, Kearl and his family spent 
two years at the University of the Philippines and 
assisted in development of the Department of Ag- 
ricultural Economics. He interested many young 
Filipinos in the study of agricultural economics 
and had much influence in the early progress of a 
department which now offers the Ph.D, degree. 
While in the Philippines, he took a leading role in 
organizing the Philippine Agricultural Economics 
Association. In 1960 he served in Uganda as ad- 
viser to the Department of Agriculture. 


i 
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He served with distinction as Secretary-Trea- 
surer of the American Agricultural Economics As- 
sociation from 1958 to 1969. He not only per- 
formed the work of. that office with efficiency dur- 
ing a period of rapid growth of the Association, 
but assumed primary: responsibility for preparing 
and publishing the first two directories of the As- 
sociation’s membership. 

He is survived by his wife Marjorie; three 
daughters, Mrs. Sandra Kearl Stone, Debra Ann, 
and Shary Lynn; three sons, Steven, Kenneth, and 


Rodney; and a sister and four brothers. 


Arnold Bendik Larson, 49, professor at the Univer- 


sity of Hawaii, died on March 24, 1973, after an 
extended illness. 

Born on a farm near Sandstone, Minnesota, he 
was educated there through secondary school, then 
attended the University of Minnesota. His under- 
graduate education was interrupted by four years 
of service in the U. S. Navy during World War II. 
He returned to graduate from the University of 
Minnesota in 1949, then earned his M.A. degree in 
1951, Larson was on the staff at Colorado State 
University for one year and spent four years with 
the U. S. Bureau of Reclamation in Colorado and 
California. He next-went to the Food Research In- 
stitute at Stanford University, where he earned 
the Ph.D. degree in 1960. He spent three years on 
the Stanford faculty before moving to the Univer- 
sity of Hawaii, where he was promoted to profes- 
sor in 1969. A sabbatical semester was spent at 


` Stanford in 1970. 


Larson published several works in price analysis 
and was known for his exceptional competence in 
statistics and econometrics. He was instrumental _ 
in building a strong graduate program at the Uni- 
versity of Hawaii. 

He lived in Kailua, Hawaii, where he is survived | 
by his wife Jane and their sons, Lars and Iver. 


World Food Production, 


Demand, and Trade 


Leroy L. Blakeslee, Earl 0 Heady, and Charles F. Framingham 


“The Green Revolution finally promises to overthrow that depressing ruler 
of the world, hunger.” 

“Developed countries may have to decide by 1975 which food-short coun- 
tries to save and which to let starve.” 

WORLD FOOD PRODUCTION, DEMAND, AND TRADE examines the potentials of 
each of these opposing statements and analyzes the prospect of meshing future pop- 
ulation with world food supplies. 

This study indicates that world food supply and demand could attain a favorable 

‘balance in the next three decades providing population growth approximates the 
United Nations’ low projections. On the other hand, if population and income growth 
are near the upper range of the United Nations’ projections, agricultural development 
will have to be stepped up greatly in the decades ahead. 

The outcome depends upon countries with large populations and high birthrates 
and upon countries with large unexploited agricultural resources. Countries with large 
unexploited agricultural resources can provide the. short-run solutions. The authors 
contend, however, that government administrators must constrain population growth or 
face intense food shortages in a few decades. 

In either case, substantial regional disparities are foreseen, and even the best out- 
come seems sure to require large food shipments and greater international trade in 
farm commodities. Accordingly, a trade mode! has been applied to determine where 
foodstuffs might move in the future. The model also is used to examine potential world 
and interregional trade in fertilizers in both the short and long run, 

WORLD FOOD PRODUCTION, DEMAND, AND TRADE is as empirical and quanti- 
tatively detailed as possible. It provides important insights, on the basis of conserva- 
tive projections in production possibilities, about the prospects of meshing future popu- 
lation and world food demands with supplies. It does so even without incorporating 
shift variables to express potential effects of the green revolution. However, modifica- 
tions potentially generated by the green revolution are discussed. 
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